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(54) TiUe: ATTENUATION OF WOUND HEALING PROCESSES 
(57) Abstract 

Glycosaminoglycans. including heparinases 1. 2 and 3 as weU as chondroitinascs AC and B from the Gram negative bacteria 
Flavobacterium heparinum, can be used either separately or in combination to manipulate cell proliferation. In one embodiment, heparinases 
are admmistercd to degrade heparan sulfate components of the extracellular matrix, thereby allowing the heparin binding growth factors 
which are stored m the extraceUular matrix to migrate to adjacent cells. ITie mobility of chemoattractant agents, growth factors and cells 
also can be mcreased by treating tissues with glycosaminoglycan degrading enzymes, both chondioitinases and heparinases. TTie enzymatic 
removal of chondroitm sulfates from ceU surfaces effectively increases the availability of growth factor receptors on the cell's surface 
Selectively rcmovmg heparan sulfate from cell surfaces while leaving the extraceUular matrix intact, conversely, inhibits cell proliferation 
by down regulating the cell s response to growth factors. TOs is achieved by targeting heparin or heparan sulfate degrading activitcs to 
tiie cell surface Targetmg the hepann degrading activity can be achieved by geneticaUy engineering a ligand binding functionality into the 
heparmase protems. or by physically controlling the localized enzyme concentration tiirough the metiiod of adminisfration 
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ATTENUATION OF WOUND HEALING PROCESSES 

Background of the Invention 

The present invention describes a 
methodology for the use of glycosaminoglycan 
5 degrading enzymes to modulate events in the wound 
healing process. 

Growth factors are naturally occurring 
polypeptides that elicit hormone type modulation of 
cell proliferation and differentiation. The 

10 mechanism by which these events transpire is 

typically initiated by the growth factor contacting 
specific receptors or receptor systems which are 
located on the cell surface. The sequence of 
intracellular events that occur subsequent to the 

15 receptor/growth factor interaction are responsible 
for mitogenic and differentiating responses by the 
cell. These mechanisms are not fully understood 
but may include activation of tyrosine kinases, 
nucleotide metabolism and variations in cell 

20 electrolyte levels (Burgess and Macaig, Ann. Rev. 
Biochem, 58:575-606, 1989), 

For most cell types, events of 
mitogenesis and differentiation are subdued in the 
normal adult animal. These growth factor mediated 

25 events are more commonly associated with developing 
organisms, during wound healing processes or in 
various disease states including cancer and 
vascular disease. For example, the normal turnover 
rate of endothelial cells, including the lining of 

30 microvessels and arteries, is measured in thousands 
of days. During normal woxind healing however, . 
these endothelial cells proliferate rapidly, with a 
turnover rate of approximately five days (Folkman 
and Shing, J. Biol. Chem. 267 (16) :10931-10934, 

35 1992) . The increase in proliferation that occurs 

during wound healing appears to be the result of an 
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incre.se in the local concentration of various 
angiogenic molecules ,-r,^i ^- various 
lecules, including growth factors 

Inoi ^ fibroblast growth factor family " 

= ::.xrrrr:r^- - 
. in " ;.:!3r sr"'" ^^^^ 

(FGP 4 T . ^ growth factor 

ker t o,^,, 3,„„,, 
Klagsbrun, ton. w.r. Acad Sci • 

TV,« ^ 'I'-rtu. ici. 638:xiv, 1991) 

These ..i,.„ies. and other cytokines in;i„d!na' 

PP4 platelet factor 4 

PF4, share a common feature in i-h.A 

P ric.cell type responses also have been 

^ =eS :r-f - 

formation and FGF 7 !^ T '^"sue 

stimulates epithelial cell 

1S91> additionally are involved in the 

"".sole cella and vascular endothelial cells 

The change in a cell-s metabolic state 
^.escent to proliferative or migratlr^ 
i.^l.es an enhanced availability of the app^priate 



signaling molecules in the vicinity of the cell. 
In principle this could result from either an 
increase in growth factor synthesis or the release 
of growth factors from storage reservoirs. In 
nature, both mechanisms have been observed. The 
expression of PGF-1, FGF-2, FGF-5 and FGF-7 are 
upregulated after full thickness dermal injury 
(Werner, et. al., Proc. Natl. Acad. Sci. 89:6896) 
while TGFS, FGF-2 and PDGF synthesis increases in 
smooth muscle cells in response to vascular injury. 
Growth factors also have been detected in most 
solid tissues extracted from normal adult, 
non-wounded samples. Despite the presence of 
growth factors in these areas, the cells comprising 
them are not in a proliferative state. Apparently, 
growth factors are stored outside the cell in 
basement membranes and the extracellular matrix 
where they are prevented from contacting their 
respective cell surface receptors. In this mode 
they serve as an emergency supply for woxind repair 
and blood vessel foirmation functions (Vlodavsky, 
et. al. riB5 16:268-271, 1991). 

An initial event in tissue or vessel 
injury may involve a mechanical dislodging of 
growth factors from the extracellular space, making 
them available to cell surface receptors where they 
stimulate cell proliferation and cell synthesis of 
additional growth factors. Alternately, cells 
under stress may secrete molecules which displace 
the extracellular growth factors from these storage 
reservoirs. Tumor cells have been shown to secrete 
degradative enzymes, including proteoglycanases, 
collagenases and metalloproteinases, coincident 
with metastasis (Nicolson Curr. Opinion Cell Biol. 
1:1009-1019, 1989). In addition to facilitating 
tumor migration through blood vessels, the- 
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destruction Of e«raceUul„ „.tri« co^.,r.t. 

vessel formation which feedc: 

5 130:393-400, 1986). 

Extracellular matrices (ECM) are 
n.ult.-co,^„e„t structures synthesized by and 
surrounding various cell types including 

10 cells ^ '-=le 

oellB. The ECM is formed laroelv of 

heparan sulfate Proteoglycans It also clT- 
£ibronectin, chondroitin sulfate „ . T 
s-ller proteins. .roJh factol a^e s 

these matrices by associatr„::: thT"'"^" 

„ , neparin and heparan sulfate ar-« 

polysaccharides formed of alternatina h 
eithf.T- n „T «*J-ternating hexuronic. 

either D-glucuronic or L-iduronic a«ri „i 
N-acetylated or N-sulfat.d !' £fl"=°^ainine, 

sulfation patterns ir "^'"^ 
intestines! boZ lunls 

-^""^^^ °^ human mast cells 
displays a high degree of sulfation, up to 2 6 
sulfates per disaccharide unit, and a greate; 
iduronic acid content than v, greater 

conversely, heparan ultte rri:"""^- 
sulfation and Preferentially1ont\ir!l °' 
a=id in the alt.,,=^• contains glucuronic 

■Heparin iL " "^ saccharide position. 

267(15) 10337-10341 „ 

. . ' • However, the 

composition of henaran ^ . 

-ri. has not -rx"::^^:^^^^^^^^^ 

The stimulation of cpTi t^>.^i-^ 
-.ration by gro.h .actors^crl^LrorrthT 
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events in the wound healing process which is a 
multifactoral interactive process involving 
biochemical mediators, the extracellular matrix and 
parenchymal cells. The wound healing process is 
generally divided into three temporally overlapping 
phases: inflammation, proliferation and remodeling. 
During inflammation, blood borne cells infiltrate 
the wound site and release several mediating 
molecules including platelet derived growth factor, 
von Willibrand factor, thrombospondin, fibronectin, 
fibrinogen, 5 -hydroxy tryptophan, thromboxane -A2 and 
adenosine diphosphate (Kirsner and Eaglstein, J. 
Dermatol. 151:629-640, 1993). A platelet plug and 
thrombus are formed and provide a matrix for 
monocytes, fibroblasts and keratinocytes. 
Chemotactic molecules attract monocytes which 
transform into macrophages and secrete additional 
growth factors (Nathan and Spom, J. Cell Biol. 
113:981-986, 1991). Neutrophils may assist in this 
process by secreting the degradative enzymes 
elastase and collagenase which enhance the passage 
of cells through the basement membranes. 

Keratinocytes and epidermal cells, which 
are involved in the closure of dermal wounds, 
migrate to the wound site during the proliferative 
phase. Angiogenesis, the formation of new blood 
vessels in response to chemoattractant and 
angiogenic signals (Folkman and Klagsbrun, Science 
235:442-447, 1987), and fibroplasia, the 
accumulation of fibroblasts and formation of 
granulation tissue, also occurs during the 
proliferative phase. Tissue remodeling is 
accompanied by the secretion of matrix components, 
including fibronectin, collagen and proteoglycans 
which serve as a scaffold for cellular migration 
and tissue support. Type III collagen, synthesized 
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in the earlier stages of „ouna healing is „r,l ^ 
^ the^re permanent t^ x .or™ .ZtZ Z^Zl 
Of proteolytic turnover. Process 

conH-.- "^^^^ to the pathological 

cond. .on due to the localised dysfunction of the 
vascular syste. resulting in inadequate blood 
supply With subsequent tissue damage m thL 
™ari.ation, whether through^he stil' tLT 
Of angxogenesis or by surgical methods, must 
precede the normal wound healing course of the 
damaged tissue. 

The action of enzymes whioh degrade 
co_s Of the extracellular matrix and basement 
membranes may facilitate the events of tissue 
reparr by a variety of mechanisms including the 

thereby eZc": ^^^Tmelatr 
molecules, growth factors and chemotactic a'e^s 
as well as the cells involved in the healing 
process. Glycosaminoglycans are subject to 
degradation by a variety of eukaryotic and 
prokaryotic enzymes. Heparan sulfate degrading 
-trvrty has been detected in platelets Ll"^ et 
L^iT^T^- tumor cans 

"3. and enaothelialtus"::/aT:r^.,^:::' 

h paranase enzymes act by catalysing the hyd^lysis 
Of the carbohydrate backbone of heparan sulfate « 
nL " " ine linkage 
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,„ , ' s*"'-"-'««iraxne iinJcage 

(Nakajiraa et al.. j cpIi d,- u 

1988i M ' •^^°'^^em., 36:157-167, 

1988) . Mammalian heparanases are typically 
inhibited by the highly sulfated heparin form of 
the heparin-heparan sulfate family. However 
accurate biochemical characterizations of th;se 



enzymes have thus far been prevented by the lack of 
a method to obtain homogeneous preparations of the 
molecules. 

Heparin degrading enzymes also have been 
found in microorganisms including Flavobacterium 
heparinum (Lohse and Linhardt, J. Biol, Chem. 
267:2437-24355, 1992), Ba c t eroides strains 
(Saylers, et al., Appl. Environ. Microbiol. 33:319- 
322, 1977; Nakamura, et al., J. Clin. Microbiol. 
26:1070-1071, 1988), Flavobacterium Hp2 06 (Yoshida, 
et al., 10th Annual Symposium of Glycoconjugates, 
Jerusalem 1989) and Cytophagia species (Bohn, et 
al.. Drug Res. 41(1), Nr. 4:456-460, 1991). 
Chrondoitin sulfate degrading enzymes have been 
isolated from several microorganisms including 
Flavobacterium heparinum (Michaleacci, et al., 
Biochem. J. 151:123, 1975), Bacteroides species 
(Saylers, et al. J. Bacteriol. 143:781, 1980; Linn, 
et al., J. Bacteriol. 156:859, 1983; Staff en, et 
al., J. Clin. Microbiol. 14:153, 1981), Proteus 
vulgaris (Uamagata, et al., J. Biol. Chem. 
243:1523, .1968, Suzuki, /feth. Enzymol. 28:911, 
1972), BenecJcea, Microcossus and Vibrio species 
(Kitamikada and Lee, Appl. Microbiol. 29:414, 1975) 
and ArtiiroJbacter aurescens (Hiyam and Okada, J. 
Biol. Chem. 250:1824-1828, 1975). 

F. heparinum produces three forms of 
heparinase, heparinase 1, heparinase 2, and 
heparinase 3 (heparitinase) (Lohse and Linhardt, J. 
Biol. Chem. 267:24347-24355, 1992), All three 
enzymes cleave at glucosamine (1 -> 4) hexuronic 
acid linkages with differing degrees of specificity 
depending on sulfation patterns and particular 
hexuronic acid residue, iduronic or glucuronic, in 
a particular cleavage site (Desai, et al., Arch. 
Biochem. Biophys.. 306:461-468, 1993), F. heparinum 
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TJ V" ^''""^^'^^--tan sulfate t..ily. 
chc'd ^Vase AC, which degrades both 

chc„dro.tx„ s„l£,te A and chondroitin sulfate c by 
. =1--. the .alactosa.i„e U -> 4,. glucuronic acL 
linlcage the polysaccharide backbone and 
ohondroitin lyase B „hich degrades der^tan sulfate 
(chondroitin sulfate B) by cleaving the 
gelactosamine (1 -> „ ieuronlc acid linkage in the 
polysaccharide backbone, .he en.y^tic .efhanis: 
OI the F. heparinm, enzymes is through an 

llTT'" ""'""^ "ilWerentiating them 

from the «lian glycosaminoglycan degrading 
enzymes, rurthe^re, none of the P. ieparinl 
lyase enzymes appear inhibited by glycosaminoglycan 
molecules as are the mammalian enzymes. 

Mammalian heparanase, partially purified 
from tumor cell line extracts, as well al 
heparxnase l and heparinaee 3 from navobacterium 
ieparrnum, have been sho™ to release -I 
radioiabelled ^p-. that had been pre-adsorbed to 
extracellular matrix synthesized in vitro by bovine 
aorta endothelial cells (Bashkin, et al. cell 
: • However, since 

^ 1°^°''" -^^^^^ »f the exogenously 

absorbed -1 radioiabelled roP-=, it is not clear 

duTto —d release .as 
s'fat. Of the heparan 

aulfate in the ECM or an ion exchange type 
electrolytic displacement of PGF-2 from the 
negatively charged heparan sulfate. The same 
research group reported the release of growth 
promoting activity from vascular smooth muscle 
cells by treatment with heparinase 3 and from 
extracellular matrix by exposure to extracts of 
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neutrophils or lymphoma cells. However, there has 
been no demonstration of the release of growth 
promoting activity from extracellular matrix by 
contact with bacterial glycosaminoglycan degrading 
5 enzymes nor have these enzymes been shown to 

promote tissue repair or new vessel growth in vivo. 

It is therefore an object of the present 
invention to provide a method and compositions for 
enhancing and controlling tissue repair and new 
10 vessel growth. 

It is a further object of the present 
invention to provide highly purified 
glycosaminoglycan degrading enzyme pharmaceutical 
compositions for use in enhancement of tissue 
15 repair and manipulation of angiogenesis. 

Summary of the Invention 

Glycosaminoglycans, including heparinases 
1, 2 and 3 as well as chondroitinases AC and B from 
the Gram negative bacterium Flavobacterium 

20 heparinimii can be used either separately or in 

combination to manipulate cell proliferation. In 
one embodiment, heparinases are administered to 
degrade heparan sulfate components of the 
extracellular matrix, thereby allowing the heparin 

25 binding growth factors which are stored in the 

extracellular matrix to migrate to adjacent cells. 
The mobility of chemoattractant agents, growth 
factors and cells can also be increased by treating 
tissues with glycosaminoglycan degrading enzymes, 

30 both chondroitinases and heparinases. The 

enzymatic removal of chondroitin sulfates from cell 
surfaces effectively increases the availability of 
growth factor receptors on the cell's surface. 
Selectively removing heparan sulfate from cell 

35 surfaces while leaving the extracellular matrix 
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xntact, conversely, inhibits cell proliferation by 
do™ regulatxng the cell's response to growth 
factors. This is achieved by targeting heparin or 
heparan sulfate degrading activities to the cell 

can J''^'""^ "^I--" degrading activity 
=an be achieved by genetically engineering a ligald 
binding functionality into the heparinase protef^ 
- by Physically controlling the localised enz^e 
concentration through the method of ad.inlstra"on 

f "^''^ P"P"i"9 glycosaminoglycan 
en.yn,es and genetically enginaered derivatives of 
them as well as methods for producing 
pharmaceutical preparations of highly purified 

15 Methods are disclosed to produce derivatives of the 
heparin degrading enzy.es which incorporate binding 
properties of other proteins. These molecules can 
^ used to target the heparin degrading activit; to 

20 endogenous growth factors. 

Examples demonstrate the release of 
^owth promoting activity from ECM ^ intact cells 
and tissues using glyoosaminoglycanases, 
enhancement of cell proliferation in vitro by 
treatment with glyoosaminoglycanases. especially 
heparinase 3. the growth promoting activity of 
heparan sulfate fragments released by cells treated 
With glyoosaminoglycanases and the ef f ectiL" s o 
heparinase 3 in stimulating wound healing in vivo 
30 in animal models. 



35 



Brief Description of the Drawings 

Figures la, ib, and ic are schematic 
diagrams depicting the function of 

''ZZ^7'T' extracellular matrix (kcm 

top half) and on cell surfaces (bottom half .) 



wo 96/01648 



PCT/US95/08608 



11 

Figure la shows that the heparan sulfate component 
(plain squiggled line) of heparan sulfate 
proteoglycans (HSPG) binds to heparin binding 
growth factors (HBGF) in both the extracellular 
5 matrix and at the cell surface. Growth factors not 
bound to heparan sulfate are unable to bind their 
cell surface receptor. Heparan sulfate or 
fragments of heparan sulfate attach to the growth 
factors and elicit a conformational change which 

10 allows binding to the receptor. Chondroitin 

sulfate (hatched squiggled line) proteoglycans 
(CSPG) also are located in the extracellular matrix 
and on the cell surface. At the cell surface the 
chondroitin sulfate molecules may sterically hinder 

15 the access of heparin binding growth factor 

receptors. Figure lb shows that treatment with 
chondroitin sulfate degrading enzymes allows 
greater access to the cell surface receptors and 
increases the mobility of molecules such as 

20 chemoattractants, growth factors and cells through 
the extracellular matrix. Figure Ic shows that 
treatment with heparin or heparan sulfate degrading 
enzymes releases heparan sulfate fragments and 
heparin binding growth factors from the 

25 extracellular matrix, thereby increasing their 
availability to the adjacent cell surface 
receptors, and increases the mobility of molecules 
such as chemoattractants, growth factors and cells 
through the extracellular matrix. 

30 Figure 2 is a graph of the desorption 

(penetration into agarose (mm) over time (minutes) ) 
of heparinase into semi -solid gels to measure .the 
amount of enzyme present. 

Figure 3 is a graph of relative growth 

35 promoting activity released from enzyme treated 
extracellular matrix (x control) for xxntreated,. 
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heparxnase l, heparinase 2, heparinase 3, 
chondroxtinase AC and chondroitinase B. The 
results are expressed as the ratio of thJLine 
incorporation by Balb/c 3T3 fibroblasts eCse" to 
B enzyme treated .atrix supernatants to thafof 
untreated matrix supernatants. 

Figure 4 is a graph of the relative 
growth promoting activity released fron, 
tTf^^i-^ri K • -^exeased from enzyme 

treated bovine corneas (x conhr-oi \ f 
I i,« • control) for untreatf»ri 

resulte are expressed as the ratio of thymidine 
incorporation by Balb/c 3T3 fibroblasts e^^^ed to 
enz t supernatants to thaTo 

untreated corneal supernatants. 

fro. extracellular .atrix ,cp., for untreated 
hepar^se l, heparinase heparinase 3. 
chondroitinase AC, and chondroitinase B. 

Figure 6 is a graph of the relative 

uIcTc^Us"":;^ ^ '"^^ -ooth 
h,„» • control) for untreated, 

heparinase 1, heparinase a, and chondroitinase AC 

Droll, , ' ' ' °^ «l«ive ' 

proliferative response of Balb/C 3T3 fibr^h, . 

enzy^tic treat^nt of either the c 11 s^l '° 

:et~ .rht:. ----^ 

. thymidine incorporation and is 

expressed as the ratin of a 

ai:ea cells exposed to supernatant from 
untreated matrix) . 

Figure 8 is a graph of the proliferative 
"™ ^"^/^ fibroblasts L^^^ 

extracellular matrix for heparinase 1, 2, 3 and 
Chondroitinase AC (hatched bars) . Th^ 
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proliferative response of cells treated with 
heparinase 1, 2, 3, or chondroitinase AC prior to 
their exposure to enzyme treated matrix 
supernatants is also shown (solid bars) . These 
5 results are expressed as the counts per minute of 
^H- thymidine incorporated by balb/C 3T3 fibroblasts 
exposed to enzyme treated matrix supernatants. The 
negative control "untreated cells" represents the 
proliferative response of cells exposed to 

10 supernatant from untreated matrix. 

Figure 9 is a graph of the proliferative 
response of quiescent balb/C 3T3 fibroblasts, both 
pretreated with heparinase 3 and untreated, to 
soluble material released from enzyme treated 

15 extracellular matrix for heparinase 3. The 

proliferative response of quiescent balb/C 3T3 
fibroblasts, both pretreated with heparinase 3 and 
untreated, to material released spontaneously from 
extracellular matrix, is presented. These results 

20 are expressed as the counts per minute of ^H- 

thymidine incorporated by balb/C 3T3 fibroblasts 
exposed to enzyme treated matrix supernatants. 
Untreated cells are cells exposed to supernatant 
from untreated matrix; cells + hep 3 are cells 

25 pretreated with heparinase 3 prior to exposure to 
supernatant from untreated matrix; ECM + hep 3 are 
cells exposed to supernatant from heparinase 3 
treated matrix; and ECM + hep 3 cells + hep 3 are 
heparinase 3 treated cells exposed to supernatant 

30 from heparinase 3 treated matrix. 

Figure 10 is a graph of the proliferative 
response of quiescent balb/C 3T3 fibroblasts to 
soluble material released from enzyme treated 
bovine corneas for three concentrations of 

35 heparinase 3, 0.1, 0.01, and 1.0 lU/ml. The 

negative control value "untreated .cells", represents 
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the proliferative response of cells exposed to 
supernatant from untreated corneas. 

Figure li is a graph depicting the 
ZlZ::l endothelia/cel s 

bars and ' ""^^^^ ^^^^ ^-^i^ 

oars) , and extracellular matrix (ar-«« h= , 

to heparinase 1, 2, or 3. ' ^'^'^^^ 

the =eii. with : pir: 3?rir^ °^ 

heparinase 2, and 
heparxnase 3. The results are expressed is the 
~ Of cell proliferation after en.^e 
treatment as compared to untreated control cells 
untreated cells have a proliferative level of 

wLh ;t TT'' ^^"^^ treatment • 

wxth 0. 1 lu/ml of enzyme. The solid bars ar. ^ 
treatments with 0.5 la/ml of enzyme 

Of sulfate'^T^ f " ' ""^^ °' degradation 
Of sulfate labeled ECM by heparinase l, 2 or 3 

Metabolically sulfate labeled ECM coat ng T-.l'll 
txssue culture plates was incubated for I b " 
370C with 0.1 u/ml heparinase l fo) • 
fAl r.-,- V, ■ farinase i (o) , heparinase 2 

-i easedTt"T' '°' ' ^^^^^ -"rial 

.ei .at::::;:: ~\r- ™ - 
^«^h... i^ra:t\:itr j:^^^^^^^^^^^^^^^ - 

Shading, or ECM (cro=s-hatched shading, . 
for at.t„.letion ot ^-thy.,idi„e incor^rati" i„ 
growth arrested 3T3 fibroblasts. 

sulfat. 1 Tf!' "'^ " " '^'P" °^ ■^^gradation of 
=ulfat labeled labeled ECM by heparinase l, 2 and 
3. sulfate labeled ECM .as incubated for 18 h T 
37-C With 0.1 UMI heparinase 1, . or 3 I Zl , 
-unt Of sulfate labeled ^terlal :Leased 
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the. incubation medium (diagonal line shading) was 
counted. The remaining ECM was digested for one h 
at 370c) with trypsin (5 /xg/ml) and the solubilized 
radioactivity (cross-hatched shading) counted in a 
jS"Scintillation counter. 

Figures 14A,14B, 14C and 14D are graphs 
of stimulation of F32 lymphoid cell proliferation 
by heparan sulfate fragments released from cells 
and ECM exposed to heparinase 1, 2 or 3 on 
different surface. Regular (plastic) (Figure 14B) 
and ECM coated (Figure 14A) 4 well plates as well 
as confluent cultures of vascular endothelial cells 
(EC) (Figure 14C) and smooth muscle cells (SMC) 
(Figure 14D) were incubated for 1 h at 37°C with 
0 . 1 U/ml heparinase 1 (□) , heparinase 2 (O) or 
heparinase 3 (o) . Aliquots (1-40 /xl) of the 
incubation media were then added to F32 cells 
seeded into 96 well plates in the presence of 5 
ng/ml bFGF. ^H- thymidine (1 fiCjwell) was added 48 
h after seeding and 6 h later the cells were 
harvested and measured for ^H- thymidine 
incorporation. Each data point represents the mean 
+S.D. of six culture wells. 

Figures ISA and 15B are graphs of the 
stimulation of F32 lyTt5)hoid cell proliferation by 
Heparinase 3. Figure ISA is a graph of incubation 
of F32 lymphoid cells in 96 well plates with 5 
ng/ml bFGF in the absence and presence of 0.1 U/ml 
native (no shading) or heat inactivated (10 min, 
95°C) (diagonal line shading) heparinase 3. The 
heparinase 3 enzyme (0.1 U/ml) was also applied 
onto DEAE cellulose (0.5 ml) and both the loading 
(no shading) and flow through (diagonal line 
shading) material were added to the F32 lymphoid 
cells. Figure 15B is a graph of incubation of F-32 
lymphoid cells in 96 .well plates with 5 ng/ml bFGF 
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ng; or heat inactivated (lo min, 950c) 
(diagonal line shading) heparin. The heparin was 
also applied onto DEAE celluloc* /or ,f 

10 incorporation E;,nh . • H-thymidine 

* S.B Of slx^cuir -P-sents the ™ean 

« '^'.-u. or SIX culture wells. 

Figure 16 is a graph o£ the strength 
taken from sxx groups of rats following in Wvo 
^"d°hea°i ^"'^^ " - ="-l-e 

heparinase « T^r/::::'" 

Figure 17 is a graph of the strength 
IZTrJ"^'' ^"'""^"^-^ ^ --a sL 

testing of heparinase in dosages of 0 02 D , . 
a.o xu heparinase 3 to stimulate ^.unV^^aui."" 
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detailed Description o£ the Inv«.tion 

A methodology for controlling events 
ihvo ved in „,^, ^^^^^^^ 9 even 3 

highly purified glycosaminoglycan degradil 
aerived from Fla^^eteriu^^Unr: el^ is"^^^ 

ifirohoT^-^^^^--^- 

are t\ ''^!"'^°"^" and dermatan sulfate 

are the sulfated polysaocharide components of 

r ""^ extracellular 

space where they form the structure of the 

extracellular matrix and serve as a storage 
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reservoir for growth factors. Glycosaminoglycan 
degrading enzymes from F. heparinum: heparinase 1 
(EC 4.2.2.7), heparinase 2, heparinase 3 (EC 
4.2.2.8), chondroitinase AC (EC 4,2.2.5) and 
5 chondroitinase B modulate the interactions involved 
in cell proliferation and migration by i) releasing 
heparin binding growth factors and molecules from 
the extracellular matrix, thereby increasing their 
availability to adjacent cells for the stimulation 

10 of proliferation and migration, ii) degrading 

components of the extracellular matrix, thereby 
facilitating the mobility of cytokines, 
chemoattractants and cells, iii) removing 
chondroitin sulfate from cell surfaces, thereby 

15 increasing access to cell surface receptors and iv) 
inhibiting the proliferative response of cells to 
growth factors by removing the heparan sulfate 
component of their growth factor receptor complex. 

Heparin binding growth factor-receptor 

20 interactions require the presence of a third 

'component: heparan sulfate, which is present on 
cell surfaces, or can be added to the cells, or 
released lytically as a heparan sulfate fragment 
from the extracellular matrix. The addition of 

25 heparin or heparan sulfate degrading enzymes in the 
range of between 0.001 and 5 lU/ml promotes cell 
proliferation by co-releasing heparin binding 
growth factors and heparan sulfate fragments from 
the extracellular matrix and increasing their 

30 availability to adjacent cells. 

Selectively removing heparan sulfate from 
cell surfaces while leaving the extracellular 
matrix intact, conversely, inhibits cell 
proliferation by down regulating the cell's 

35 response to growth factors. This is achieved by 
targeting heparin or heparan sulfate degrading 
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actxvxt.es to the cell surface. Targeting the 
heparxn degrading activity can be achieved by 
genetically engineering a ligand binding 

5 heparinase proteins, or by 

5 physxcally controlling the localised enzyme 

concentration through the .ethod of ' administration. 
For example permeable double balloon catheters can 
direct heparxnases, preferentially, to exposed 
vascular smooth muscle cells in injured vessels 
10 Preparation Of Clycoea^noglycan degrading Hn^s 
Glycosaminoglycan lysase enzymes can be 

prepared by isolation from bacterial or man™.i ■ 

poiTe ^^4.. , a'-t-ejTiax or mammalian 

lll^' r " "^'"^^^^y P-^-- the 

enzymes or have been genetically engineered to" 
15 produce the enzymes. 

^^^^^^^^S-^£-immal l^roduc.H .r.., ^.. 
purified lyase enzymes can be 

xxowE. F. heparxnwn is cultured in 15 L 
computer controlled fermenters, in a variation of 
the defxned nutrient medium described by Calliher 

\ ^^^^^^^^^^^ 41(2):360-3S5, 

1981. For fermentations designed to produce 
heparxn lyases, semi-purified heparin (Celsus 
5 Laboratories) is included in the media at a 
concentration of i.o g/L as the inducer of 
heparinase synthesis. For fermentations designed 

. A (Sxgma) is included in the media at a 
^ concentration of i.o g/L as the inducer of 

PoTbot?"' chondroitinase B synthesis. 

For both types of fermentation, the cells are 

If the o T ^ ^^^'^^^^^^ ^P-- a variation 
of the osmotic shock procedure described by U S 
Patent No. 5,169,772 to Zimmermann, et al. (1992) 
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Proteins from the crude osmolate are 
adsorbed onto cation exchange resin (CBX, J.T. 
Baker) at a conductivity of between one and seven 
/xmho. Unbound proteins from the extract are 
5 discarded and the resin packed into a 

chromatography column (5.0 cm i.d. x 100 cm). The 
bound proteins elute at a linear flow rate of 3.75 
cm-min"^ with step gradients of 0.01 M phosphate, 
0.01 M phosphate/0.1 M sodium chloride, 0.01 M 

10 phosphate/0.25 M sodium chloride and 0.01 M 

phosphate/ 1.0 M. sodium chloride, all at pH, 7.0 + 
0.1, Heparinase 2 elutes in the 0.1 M NaCl 
fraction while heparinases 1 and 3 elute in the 
0.25 M fraction. Alternately, the 0.1 M sodium 

15 chloride step is eliminated and the three 

heparinases co-eluted with 0.25 M sodium chloride. 
The heparinase fractions are loaded directly onto a 
column containing cellufine sulfate (5.0 cm i.d. x 
30 cm, Amicon) and eluted at a linear flow rate of 

20 2.50 cm*min"^ with step gradients of 0.01 M 

phosphate, 0.01 M phosphate/0.2 M sodium chloride, 
0.01 M phosphate/0.4 M sodium chloride and 0.01 M 
phosphate/ 1.0 M. sodium chloride, all at pH, 7.0 + 
0.1. Heparinase 2 and 3 elute in the 0 . 2 M -sodium 

25 chloride fraction while heparinase 1 elutes in the 
0.4 M fraction. The 0.2 M sodium chloride fraction 
from the cellufine sulfate column is diluted with 
0.01 M sodium phosphate to give a conductance less 
than 5 ^mhos. The solution is further purified by 

30 loading the material onto a hydroxylapatite column 
(2.6 cm i.d. x 20 cm) and eluting the bound protein 
at a linear flow rate of .1.0 cm-min-1 with step 
gradients of 0.01 M phosphate, 0.01 M 
phosphate/0.35 M sodium chloride, 0.01 M 

35 phosphate/ 0.4 5 M sodium chloride, 0.01 M 

phosphate/0.. 65 .M_sodium chloride and 0.01 M 
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Phosphate/ 1.0 M. sodiu™ chloride, aU at pH, 7.0 , 
in the 0.45 M sodium chloride fraction while 
S TTsTV """^^ ' ''"''^ in the 

further pur.f ied by loading .^terial from the 

llsl tZ TT '"""'^ '° ^ conductivity 

less than 5 ;,™hos, onto a hydroxylapatite column 

10 1! r" ' ™' ""^ ^'"""5 ^'^ protein 

at a Unear flew rate of l.o cm-min-i „ith a li„ea" 

gradient of phosphate ,0.01 to 0..5 «, and sodi^ 
ohloride ,0.0 to O.S „, . Heparinase 1 elutes in a 
IT^ZZT through 

" ^^>, . heparinase enzymes obtained by this 

method are greater than 9ii c . 

r.v.v=. ., ' estimated by 

reverse phase HPLC analysis ,BioCad, POROS II, 

Purrfxcation results for the heparinase enzymes are 

Shown in Table i ^^ymes are 
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TABLE 1: Purification of heparinase enzymes from 
Flavobacterium heparinum fermentations 

sample activity specific activity yield 
iim (in/mg) (%) 

fermentation 

heparin degrading 94,500 lOO 
heparan sulfate 

degrading 75,400 ND 100 

osmolate heparin 

degrading 52,100 55 

heparan sulfate 

degrading 42,000 ND 56 

cation exchange 

heparin degrading 22,600 24 
heparan sulfate 

degrading 27,540 ND 37 

cellufine sulfate 

heparin degrading 19,200 20 
heparan sulfate 

degrading 9,328 30.8 12 

hy dr oxy 1 apa t i t e 

heparinase 1 16,300 115.3 17 

heparinase 2 2,049 28.41 3 

heparinase 3 5,150 44.46 7 



Osmolates obtained from F. heparinum 
fermentations induced with chondroitin sulfate A 
are subjected to centrifugation to remove cells and 
cell debris and the supernatant applied to a cation 
5 exchange column (5.0 cm x 30 cm, Sepharose™ S Big 
Beads, Pharmacia) at a linear flow rate of 10 
cm-min"^. The bound proteins are eluted at a linear 
flow rate of 5.1 cm*min'^ with step gradients of 
0.01 M phosphate, 0.01 M phosphate/0.25 M sodium 

10 chloride and 0.01 M phosphate/ 1.0 M. sodium 

chloride, all at pH, 7.0 + 0.1. Chondroitinase 
activity elutes in the 0.25 M sodium chloride 
fraction which is further purified by diluting the 
chondroitinase containing fraction two- fold with 

15 0.01 M sodium phosphate and applying the material 
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onto a column containing cellufine sulfate (2.G cm 

rate IfT.T' "^""^ ^'""'"^ ^ ^^^^ ^1°^ 

rate of 1.88 cm-min- with a linear gradient of 

. ^loride. 0.0 to 0.4 M. Chondroitinase AC 

= „ly elutes at 0.23 to 0.26 M .sodium chloride 

while chondroitinase B eluted at 0.27 to o 3 M 

sodium chloride. Each fraction was diluted 

two-fold with 0.01 M sodium phosphate and applied 

to a hydroxylapatite column (2.6 cm i.d. x 30 cm) . 

Of 0.25 M sodium chloride followed by a linear 

0.025 M sodium phosphate at pH 7.0 + 0 1 
Chondroitinase B elutes in the 0.25~M sodium 
chloride step while chondroitinase AC elutes at 
0 85 to 0.95 M sodium chloride. The chondroitinase 
B fraction is diluted two-fold in 0.01 M sodium 
Phosphate and applied to a strong cation exchange 
column (CBX-S, t. Baker, 1.6 cm i.d. x 10 cmf. 
The bound material is eluted at a flow rate of i o 
cm-min- with a linear gradient from 0.125 to 0 325 
M sodium chloride in 0 d?^ m o„^• 
7 O * n , in 0.025 M sodium phosphate at pH 
7-0 ± 0.1. Chondroitinase B elutes in a protein 
peak at 0.175 to 0.225 M sodium chloride and 
contains a minor contaminating protein of molecular 
weight 20,000 D. This protein is removed by gel 
filtration chromatography by loading the 
chondroitinase B sample onto a Superdex- 200 column 
(1-0 X 30 cm, Pharmacia) and eluting with 0.05 M 
sodium Phosphate, pH 7.2 at a linear flow rate of 
1.25 cm-min- and collecting the protein containing 
fractions. The chondroitinase AC fraction 
collected from hydroxylapatite chromatography is 
diluted three-fold in o.oi M sodium phosphate and 
applied to a strong cation exchange column (CBX-S 
J- T. Baker, i.e cmd.d. x lO cm). The l:ound ' 
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material is eluted at a flow rate of 1.0 cm-min-^ 
with a linear gradient from 0.125 to 0.325 M sodium 
chloride in 0.025 M sodium phosphate at pH 7.0 + 
0.1. Chondroitinase AC elutes in a single protein 
peak at 0.175 - 0.225 M sodium chloride. 
Purification results for the chondroitinase enzymes 
are shown in Table 2. 



TABLE 2: Purification of chondroitinase enzymes 
from Flavohacfcerimn Jieparinum 
fermentations 

sample activity specific activity yield 
(ItT) (lU/ma) (%) 

fermentation 

chondroitinase AC 65,348 0.764 100 

chondroitinase B 21,531 0.252 100 

osmolate 

chondroitinase AC 39,468 1.44 60 

chondroitinase B 15,251 0.588 71 

cation exchange 

chondroitinase AC 27,935 9.58 43 

chondroitinase B 13,801 4.731 64 

cellufine sulfate 

chondroitinase AC 18,160 22.6 28 

chondroitinase B 6,274 21.2 29 

hydroxyl apat i t e 

chondroitinase AC 14,494 146.8 22 
chondroitinase B 3,960 65.62 18 

strong cation exchange 

chondroitinase AC 9,843 211.4 15 
chondroitinase B 4,104 167.2 18 

gel filtration 

chondroitinase B 2,814 278.7 13 

Isolation of recombinant enzymes. 
Glycosaminoglycan degrading enzymes also 
can be isolated from recombinant expression systems 
such as the heparinase 1 expression system 
5 described by Sasisekharan, et al., Proc. Natl. 
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and 3 expression systems disclosed in n.s Pa^^" 
application serial No. 08/2se,„s -Kucleic i^id 
se^ences and Expression .yste^s tor Heparinase . 
and Heparxnase 3 Derived Prom Flavobacteriu^ 

the chondroxtinase AC and B expression systems 
disclosed i„ Patent application serial Ko 

/ -Chondroitin .yase Bn^^es- By Bennett, 

®t al., filed July 8 t-in^ . 

■Ly 1994, the teachings of which 
are incorporated herein, l„ these expression 
systems the P. heparin™ genes are isolated and 
Cloned into plasmids do«,stream from an inducible 
promoter. The plas.ids are introduced into ^ cLi 
and the expression of the desired enzyme directed 
hy a suitable induction ^thod such as temperature 
shift and addition of ipto to the medium. 

The enzymes can be recovered in a 

hr^r. ' ^^^^ disruption is achieved by 

ho.og , ^ ^^^^^^^^ ^^^^^^^^ t„/to 

break the cell wall and release cytoplasmic 
components. ■ if enzyme synthesis results in 
aggregation, the aggregate can then be dissolved by 
a denaturing agent, 3 to e M guanidine HCl or 4 to 
8 M urea and the protein refolded by removal of the 

reLldeT '"^^^^^ ''""''''^ ^ 

liquid chromatographic methods described above 

gpnstructinn of fu..,-on j^^^^^^^^z 

Fusion proteins incorporating 
glycosaminoglycan degrading enzymes ligated to 

created by recombinant molecular biology 
techniques. By choosing an appropriate binding 
protean, the glycosaminoglycan degrading activity 
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can be targeted to specific sites in vivo. For 
example, epidermal growth factor binds cell 
receptors expressed preferentially on the surface 
of smooth muscle cells as described by Pickering, 
5 et al., J Clin Invest, 91:724-729, 1993. Fusion 
proteins containing this moiety ligated to a 
heparinase protein direct heparin or heparan 
sulfate degrading activity to the surface of smooth 
muscle cells, thereby diminishing their response to 

10 available cytokines. This type of fusion protein 

is of value in combating disease states that result 
from overgrowth of smooth muscle cells such as the 
vascular conditions of atherosclerosis and 
re-occlusion of vessels following percutaneous 

15 transluminal coronary angioplasty. 

Heparinase fusion proteins created by 
genetic engineering retain the binding and 
catalytic properties of heparinase and of the 
protein to which it is fused. For example, the 

20 gene for heparinase 1 was isolated from F. 

heparinum as described by Sasisekharan, et al., 
Proc. Natl. Acad. Sci. 90:3660-3664, 1993, and an 
Eco Rl restriction site was inserted 5' to the 
codon encoding the glutamine-21 residue by 

25 polymerase chain reaction. A fragment containing 
the heparinase 1 gene was prepared by digestion 
with restriction endonucleases; Eco Rl and Bam HI, 
and ligated to the Eco Rl/Bam HI cleaved pMALc2 
plasmid (New England Biolabs) . The resulting 

30 plasmid contained a hybrid gene encoding a 82,000 - 
85,000 protein incorporating the maltose binding 
protein (MalB) fused 5' to the heparinase l.gene. 
This plasmid was inserted into Esherichia coli 
HBlOl cells using the calcium chloride mediated 

35 method described by Cohen et al., Proc. Natl. Acad. 
Sci. 69:2110-211. These cells exhibited heparinase 
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activity under the control of the iac promoter, 
allowing synthesis of the fusion protein by 
addition of 0.1 rnM of the inducing agent iptg to 
the growth medium. 

The HB101(pMALc2-HEPlQ21) cells were 
grown to a cell density of i.o g/L dry call weight 

500 ml, M9 medium containing O.l mM IPTG at 37oc 
and concentrated by centrifugation, io,ooo g x lo 

0.025 M Tr.s, pH 7.7, and the cells disrupted by 
son.cation using a Heat Systems Model XL2020 4 5 
-nutes, power level 3, 30 second on 30 second ^ff 

Z Z '^'"^ centrifugation 

10,000 g X 10 minutes, and the supernatant applied 
to an amylose affinity resin column (i.o i d x 2 
cm. New England Biolabs) > The bound protein was 
eluted with a step gradient of 0.025 M Tris 
containing o.Ol M maltose at pH 7.5. The fusion 
protein eluted in a protein peak which displayed a 
heparinase specific activity of 23.77 lu/mg. 

The heparinase-maltose binding fusion 
protein also can be purified by standard protein 
separation techniques based on heparinase 
properties. Cell sonicates were fractionated by 
ammonium sulfate precipitation. Non-specific 
proteins were removed with a precipitation step at 
1.7 M ammonium sulfate and the supernatant 
precipitated by raising the ammonium sulfate 
concentration to 3.2 M. precipitated material 

L'Tsod "T"" resuspended in 

0.025 M sodium Phosphate, pH S.5. The material was 
applxed to a weak cation exchange column (1.6 i d 
X 10 cm, CBX, J.T. Baker) and eluted with 
sequential step gradients of o.O M sodium chloride, 
0.01 M sodium chloride, 0.25 M sodium chloride and 
1.0 M sodium chloride, all in 0.025 M sodium 
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phosphate. The fusion protein eluted in the 0,25 M 
sodium chloride elution fraction and displayed a 
heparinase specific activity of 29.95 lU/ml, These 
two purification procedures demonstrate that 
5 functional heparinase fusion proteins can be made 
by genetically linking a protein with desired 
binding properties to the N-terminal end of the 
heparinase protein and the resulting fusion protein 
retains the functionality of both heparinase and 
10 the protein to which it is fused. Examples of 

other targeting molecules which specifically bind 
to receptors such as ECM molecules include 
fibronectin, laminin, tenascin, thrombospondin, and 
collagens , 

15 During the past two decades, the base 

knowledge of cell adhesion and migration in 
extracellular matrices (ECMs) at the molecular 
level has expanded rapidly. Early efforts in this 
area of research concentrated on the adhesion- 

20 promoting ECM protein f ibronectin (FN) . Sequence 

analyses and peptide mapping of the FN cell -binding 
domain yielded a minimal sequence which maintained 
cell -binding activity in the tetrapeptide Arg-Gly- 
Asp-Ser (RGDS) . The biological interaction of the 

25 RGDS sequence with cell-surface fibronectin 
receptors was revealed by demonstrating that 
synthetic RGDS -containing peptides in solution 
could competitively inhibit fibroblast cell 
spreading on f ibronectin-coated substrates. After 

30 the RGD cell adhesion recognition site in 

fibronectin was identified, the sequences of other 
cell adhesion proteins were examined for related 
signals. Other proteins known to carry functional 
RGD sequences include the platelet adhesion 

35 proteins fibrinogen and von Willebrand factor, 
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that RGD IS a Ubiquitous cell adhesion signal 
The use cf fibronectln as the affinity li^^' 

= m Z ^ 7^''°' "'^ ^ >.etero.i„e/„ith a 

affinity chromatography experiments have yielded 
distinct heterodimeric RGD-directed receptors 
specific for vitronectin and a platelet receptor 
»"h affinities for fibrinogen and fibronectL 

> These RGD receotoT-c v« . -^"neccin. 

h.t,.^ ^- "^^P^^"' as integrins, have a 

heterodxmer.c structure characteristic of rgd- 

and 140 .n ^-"^-its ranging between SO 

and 140 kD. mtegrins are characteristically • 

Zt^^^TlT' CO Jexes 

consisting of an a-subunit and a fi-subunit 

integrin con^lexes containing 3. and subunits 
generally are involved in cell artV,o=, . 
extr-ar>«n 1 adhesion to the 

I!vor . " ^ ar. 

involved m cell-cell adhesion. 

or .„^-K J'^^^" "^"'^'"^ '"^'''"^ antibodies 
I'ers hL!"^^"" «1 
by cell su^f^" 

-und'^ylt: L^es U IT'' " ' 
-und to a greater degreTb^™"^ " 
-=er cells. Mother e.a,^ie is „elalln, which is 
cLce~ 'T'"^'' ~rations of certain 

s'fac. . --"y specific cell 

surface markers are known. 

fiTMB'^rlr.n of P.-^>.i^- m i-f|ii 
Methods for extending the in vivo half- 
life are known and routinely used, especially in 

usin:tt°V"'^^- ^^'^^ °^ m«hods 
trLt" " °' polyethylene glycol moieties to 
the protein, which, inhibits uptake by the 
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reticuloendothelial system. Preparation and 
characterization of "peglyated" proteins is 
described by Lu, et al., Pept. Res. 6(3), 140-146, 
1993; Delgado, et al., Critical Rev. Ther. Drug 
5 Carrier Syst. 9(3-4), 249-304, 1992, the teachings 
of which are incorporated herein. 
Preparation of Pharmaceutical Compositions 

The enzymes can be administered 
topically, locally or systemically . Topical or 

10 local administration is preferred for greater 

control. The enzymes, alone or in combination, are 
mixed with an appropriate pharmaceutical carrier, 
then administered in an effective amount to produce 
the desired effect on the treated cells using 

15 methods known to those skilled in the art, for 
example, for topical application, by direct 
application to a site, or for local application, by 
means of injection or catheter. 

Targeting and effective concentration 

20 dosages can be achieved by preparation of targeted 
enzymes as described above, or by the use of 
targeting vehicles, such as a catheter or polymeric 
delivery system, to achieve controlled site 
specific delivery of enzyme. 

25 Preparation of Heparinase Gels: 

Glycosaminoglycan degrading enzymes can 
be mixed with a variety of common gels, creams or 
ointments to facilitate their application for 
treatment of dermal wounds. These gels or 

30 ointments can be administered alone or in a 

transdermal patch or bandage to facilitate 

penetration of an effective amount of enzyme to the 

cells which are to be treated. 

Administration of enzymes via controlled 
35 release matrices or injection: 

Enzymes can also be formulated in a 

carrier for administration by injection, for 
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example in saline or an abacus buffer, using 
standard methodology, or encapsulated in a 
polymeric matrix. 

Encapsulation of enzymes in controlled release 
. ^°-^lat.ons is well .nown; materials include but 
not Ixmxted to liposomes, lipospheres, 
biodegradable polymeric matrices, and vesicles 

ha'nc"?"'"'' '^'^^''^ -icroparticles 
having, a dzameter from 60 nm to loo microns, but 
preferably less than ten microns, and more 
preferably one micron or less in diameter. 

Proteosomes are prepared from outer 
membrane proteins of the Meningococcal bacteria and 
been reported to bind proteins containing 
hydrophobic anchors by Lowell, et ai Science 
240:800 (1988). Proteosome proteins ^^7^;!^ 

P~''" ^"'^"^"^ ^^^^^ - transmUrane 

protexns and porins. when isolated, their 

hydrophobic protein-protein interactions cause them 

ooi: ""'T'' -^-eous SO to 

1000 nm vesxcles or membrane vesicle fragments, 
dependxng on the strength of the detergent use; in 
thexr xsolation. The enzyme can also be 
encapsulated within a proteoliposome as described 
by Mxller et al., i_Ex^,_j^ 176:1739-1744 (1992) 
and xncorporated by reference herein, as described 
above with reference to proteosomes. 

iL'L"'''",'''' """^ '"'^^ encapsulated in 

(Mxcro vescular Systems, inc., Nashua, NH) . 
Another carrier is described in PCT US90/06590 by 
Nova Pharmaceuticals, the teachings of which are 
incorporated herein, which is referred to as a 
ixposphere, having a solid core and an outer shell 
layer formed of phospholipid. 



The carrier may also be a polymeric 
delayed release system. Biodegradable synthetic 
polymers are particularly useful to effect the 
controlled release of enzymes. Microencapsulation 
has been applied to the injection of 
microencapsulated pharmaceuticals to give a 
controlled release, A number of factors contribute 
to the selection of a particular polymer for 
microencapsulation. The reproducibility of polymer 
synthesis and the microencapsulation process, the 
cost of the microencapsulation materials and 
process, the toxicological profile, the 
requirements for variable release kinetics and the 
physicochemical compatibility of the polymer and 
the antigens are all factors that must be 
considered. Examples of useful polymers are 
polycarbonates, polyesters, polyurethanes, 
polyorthoesters and polyamides, particularly those 
that are biodegradable, 

A frequent choice of a carrier for 
pharmaceuticals is poly (d, 1-lactide-co-glycolide) 
(PLGA) . This is a biodegradable polyester that has 
a long history of medical use in erodible sutures, 
bone plates and other temporary prostheses, where 
it has not exhibited any toxicity. A wide variety 
of pharmaceuticals including peptides and antigens 
have been formulated into PLGA microcapsules. The 
PLGA microencapsulation process uses a phase 
separation of a water- in-oil emulsion. The 
compound of interest is prepared as an aqueous 
solution and the PLGA is dissolved in a suitable 
organic solvents such as methylene chloride and 
ethyl acetate. These two immiscible solutions are 
co-emulsified by high-speed stirring. A non- 
solvent for the polymer is then added, causing 
precipitation of the polymer around the aqueous 
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The 



droplets to form embryonic microcapsules. The 
-crocapsules are collected, and stabilised with 

5 ' llT' ' P°^^-ylPy-olidone 

III ; d" ' — ^ 

either drying vacuo or solvent extraction 
Other means for encapsulation include spray drying 
co-precapitation, and solvent extraction. 

10 imnl. ^ T"^^^ ^^^^^^^^ films or 

xmplants, for example, to coat a tissue where 

used for controlled release which are administered 
as gels or films incorporating the agent to be 
released include Pluronics™ (BASF) , copolymers of 
IS polyethylene oxide and polypropylene glycoT. 
Means for AdBini.tration 

The enzymes can be administered 

Zll^T' ^r'^'"'^' - ^ injection. 

IVpxcally. ejection is performed using either a 

™ - ^e advantage of the catheter 

that material can he applied to surfaces such as 
the .nsrde of blood vessels during a procedure Ich 
as angioplasty, where the goal is to inhibit 

« o~\^bat fT''"? "^-^ -oliferation 
cells that frequently follows the surgical 

procedure. Enzymes can also be administered 

simultaneously with surgery, so that healing of the 

-und is enhanced. B:nzymes could also be 

Of the surgical wound. This could be accomplished 
by formulating the enzyme in a biocompatible gel or 

at the conclusion of the corrective procedure 
>5 be a», ■ /'>"=°=»'^"^ly=a'' degrading enzymes can 
forZt f -licit an accelerated 
formation of new vessels in ischemic regions 
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Mechanistically, this is achieved by the 
dislodgement of growth factors from their 
extracellular storage reservoir where they are 
sequestered by heparan sulfate proteoglycans and by 
enhancing the mobility of cytokines and 
chemoattractants through the diseased tissue area. 

The present invention will be further 
understood by reference to the following non- 
limiting examples. 

Example 1: Preparation of topical enzyme 

compositions. 

A 0.5 ml solution of 0.01 M sodium 
phosphate 0.4 M sodium chloride and 200 lU 
heparinase 1, purified as described herein, was 
mixed with either 9.5 ml gel consisting of 1% 
carboxymethyl cellulose (Sigma) , 40 % USP glycerol 
and Nanaopure™ water or 9.5 ml of a carbomer based 
gel (carbomer™ 950, Keystone Laboratories). 

A portion of each mixture was analyzed 
for heparinase activity using the 
spec trophotome trie method described by Yang, et 
al., *J. Biol Chem. 260 (3) : 1849-1857, 1985. A 
modification of the agarose plate assay system for 
monitoring heparin degradation described by 
Zimmermann, et al. Appl Environ, Microbiol, 
56 (11) :3593-3594, 1990, was incorporated to monitor 
the desorption of heparinase from various carriers. 
A solution containing 0.5 % USP sodium heparin 
(Celsus Laboratories) and 1.0 % purified agarose 
(Bio-Rad) in 0.25 M sodium acetate and 0.0025 M 
caelum acetate at pH; 7.0 + 0.5, was mixed at 95 - 
lOO^C, cooled to 45 - 60«C, poured in 3 ml portions 
into 5 ml plastic disposable cuvettes and allowed 
to solidify by cooling to room temperature. 
Heparinase solutions (0.5 ml, 20 lU/ml) and 
heparinase containing gels (0.3 - 0.7 ml) were 
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10 



15 



applied to the top of the heparin/agarose gels and 
xncubated at 37-0 for 1 h. The heparinase 
formulations were discarded, a cylindrical cross 
sectxon of the gels removed with a glass Pasteu: 

sulfate solution (Sigma) . After 4 - 12 h a 
heparin-protamine precipitation was obser;ed as an 
opac^e whxte substance. The extent of heparinase 
desorptxon was determined by the depth of the clear 
-ne located at the top of the excised cylindrical 

This experiment was repeated in the 
car,oxymethyl cellulose/glycerol formulation using 
either 20 lu/ml chondroitinasese AC or 20 lu/ml 
=hondro.txnase B as the active ingredient and 
cho„ciro.t.n sulfate A or dermatan sufate B as the 

TABLE 3. Sp^SSe%\°1^j^^„r ^"^'^^^^ °^ 

pharmaceutical enzyme acfcivlt-^ a 
carrier- fTrri^^ actxvxty desorr>^,^»» 



PBS 



— - 1 hour 4 y,^,,^ 

heparinase 1 100 



4 ND 

6-9 3 ND 

5.5 1 uj) 



4% polyethy- 
lene oxide heparinase 1 

carbomer gel heparinase 1 
glycerol/01 

cellulose heparinase 1 12.2 3 

PBS chondroitinase AC is. 4 

glycerol/CM 

cellulose chondroitinase AC 
chondroitinase B 

glycerol/CM 

cellulose chondroitinase B 6.5 



7 

3 ND 

12.5 1 3 

4-7 3 ND 



Example 2 : Preparation of a heparinase or 

chondroltinase bandage. 

The three bacterial heparinases and two 
chondroitinases, purified as described herein, were 
placed in solutions containing 0.01 M sodium 
phosphate, 0.2 M sodium chloride, pH 7.0 and 35 
lU/ml enzyme. Semi-solid gels consisting of 4 % 
polyethylene oxide (7.5 cm x 5 cm x 0.3 cm) were 
contacted with S ml enzyme solution for 3 h, during 
which time more than 70 % of the enzyme solution 
absorbed into the gel matrix. 

The enzyme containing gels were then 
tested for bioavailability (desorption) by the 
protamine precipitation of glycosaminoglycan - 
agarose gels as described herein. Enzyme 
containing patches were allowed to absorb to 
glycosaminoglycan-agarose gels for 90 minutes at 
37 °C before being transferred to a fresh agarose 
gel. The procedure was repeated for a total period 
of 7.5 hours. Semi- solid gels consisting of 4 % 
polyethylene oxide (7.5 x 5 x 0.3 cm) were soaked 
in 6 to 8 ml heparinase. 1 at a concentration of 
between 35 and 60 lU/ml for three hours during 
which time the enzyme was absorbed into the matrix. 
The matrices were applied to 1 % agarose gels 
containing 0.05 % heparin and incubated at 37«>C. 
Enzyme containing gels were transferred to fresh 
agarose gels each 90 minutes for a total of 7.5 
hours. After incubation the agarose gels were 
contacted with 2.0 % protamine sulfate to 
precipitate unfractionated glycosaminoglycan. 
Penetration of the enzymes was observed by 
measuring the depth of the clear zone in the 
precipitated agarose gels. The results are 
illustrated in Figure 2, 
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Exanrple 3: Release of Growth Promoting Activitv 

from Extracellular Matrix ^^^^^^^^^ 

can dislod''''T''""' "^'^^"'-^ -^y-- 

act.vxtzes from extracellular matrices. Primary 
endothelial cells were isolated from .ovine coZeal 
txssue and maintained in DM^ containing; lo % 
fetal calf serum, and 5 % calf serum. Cells from 
confluent petri dishes were diluted lO-fold and 
10 grown xn DMEM containing lo . fetal calf serum 4 . 
dex ran and S . calf serum, in ..-well platesi: ' 
12 to 14 days and were supplemented with FGP-2 at 
the rate of 0.5 ng/ml-day. The endothelial cells 
were removed by treatment with a solution 
containing 0.5 % Triton and 0.02 M sodium hydroxide 
xn Phosphate buffered saline for 0.5 to 5 mLutes 

si in? T"''' "^^'^^ 

salxne. Thxs procedure yields plates coated with a 

layer of extracellular matrix which is stable for 
two y .,3, 3,^^^^ 
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dear.H- ""^"^""^ °' glycosaminoglycan 

degrading enzymes, purified as described her!il 
were added to the extracellular matrix in 02' 

Itct ' — - -M^. 

contacting wxth the glycosaminoglycan degrading 

enzymes was allowed to ta.e place for 1 hour af 
37 c. The supematants from these 
enzyme-extracellular matrix reaction mixtures were 

he i^::"' -^^^^^y c^etermining 

balb c .Trr" °' ^«-^^y-i^ine by ^iescent 
balb/c 3T3 fibroblasts as described by viodavsky et 
al., Proc. ^atl. Acad. Sci. 84:2292-2296, 1987 
f.o„. Extracellular matrices formed in vitro 

from a prxmary endothelial cell line were treated 
with either heparinase 1, 2 or 3 .^ . 
of 0 1 TTi/mi V . «-^'2or3ata concentration 
o-c u.i lU/ml, chondroitinaep ar =>^ = 

iuitinase AC at a concentration 



of 1.0 lU/ml or chondroitinase B at a concentration 
of 0.5 lU/ml for 60 minutes. Reaction supernatants 
were tested for the presence of mitogenic activity 
by a thymidine incorporation assay. The results 
are shown in Figure 3 . 

Example 4: Heparin and heparan sulfate 

degrading enzymes can also be used 
to release growth promoting activity 
from intact animal tissues. 

Bovine corneas were harvested from cows 
at the time of slaughter. Each cornea was 
dissected into two equal sections and each section 
placed in 0.4 ml, DMEM. Heparinase at 0.1 lU/ml 
was added to one of the corneal sections and 
incubated at 37oc for 20 minutes. The remaining 
section from the same cornea served as the control. 
20 fil aliquots from each reaction were transferred 
to 96 -well plates containing starved 3T3 
fibroblasts in a total volume of 200 ^1 in DMEM 
containing 0.2 % fetal calf serum. ^H-thymidine was 
added to each well and the cells incubated for 48 
hours at 37«>C. 

Bovine corneas were harvested, dissected 

into two equal portions and treated with either 

heparinase 1, 2 or 3 at a concentration of 0.1 

lU/ml. Reaction supernatants were tested for the 

presence of mitogenic activity by incorporation of 

^H- thymidine determined by the method of Vlodavsky, 

et al. The results are shown in Figure 4. 

Example 5: Treatment of Extracellular Matrix by 

Glycosaminoglycan Lyases. 

Glycosaminoglycan degrading enzymes alter 

the extracellular matrix by cleaving the 

glycosaminoglycan components of the extracellular 

matrix proteoglycan. Preparation of extracellular 

matrix with ^^S- sulfate containing proteoglycan and 

subsequent digestion of this radiolabelled matrix 

with Flavobacteriai glycosaminoglycan degrading 
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efT o : Of .he 

extracellular ..atrix „a= produced by seeding dUhe. 
5 Z lZr"^ endothelial cells g^ol 

and 5 , =al£ seru™ diluted lo-£old into Pisher 
medru. supplemented „ith 10 % fetal calf seru., 5 . 
calf serun,, 4 % dextran, and 25 ;,ci/„l "SO 

10 ZTT " " " 'oft s 

ng/ml-day FGF-2. The endothelial cells were 
removed fron, the radiolabelled extracellular n^trix 
by reatment with a solution containing o.s . 

Lf£ . " P'^-P'-'- 

three washes with phosphate buffered saline 
«„l, . ■ ^'""""l^"^ -atrix containing -s 
treat d " T° ^^^'=-»-°3li'=an portion was 
treated wrth phosphate buffered saline or 
hepa,,^3es l, 2 or 3, or chondroitinases AC or B 
St a concentration of 0.1 i„ , „i^„^j, J 

contarning phosphate buffered saline, and tL 
d gestron was allowed to proceed for o.s hour at 

aete^in^: ^TZZlt'ir'T''- ^^^^^ - 
■ released to ^, ""'""'"S radiolabelled sulfate 
lio^L , ^''P-'-atent with a Packard 1600 TR 

irquxd scxntuiation counter. An esti^te of 
80 000 cp„ was the total a«=unt of radiolabelled 
-Ifate contained in each reaction. The results 
are shovm in Figure 5. ^fuj-cs 

The action of the Flavobacterial heparin 
deg.adxng enz^es is extremely rapid, and the 
generation ofJ^S-^ulfat_e_l^^ ..Serial occurs 

lllllllT radiolaheU-r " 

extracellular matrix as described above m 

isolated . from human placenta shows a 15 to 20 



minute lag time after addition to the radiolabelled 
matrix before any measurable increase in the level 
of soluble ^^S-sulfate labeled material is detected. 
This observation further differentiates the 
mammalian and bacterial enzymes. 

While treatment of the extracellular 
matrix with glycosaminoglycan degrading enzymes 
alters the glycosaminoglycan component of the 
extracellular matrix proteoglycan, the overall 
structural integrity of the matrix remains 
unchanged as viewed by electron microscopy. 
Although stinicturally intact, enzymatically treated 
extracellular matrix exhibits enhanced permeability 
to macromolecules . This increased permeability can 
be demonstrated by examining the ability of the 
FlavoJbacterial glycosaminoglycan degrading enzymes 
to facilitate the passage of 25 nucleotide bases up 
to 2 Kb nucleotide fragments across a 0.45 micron 
pore polyethylene terephthalate (PET) membrane 
coated with extracellular matrix. Primaary bovine 
corneal endothelial cells maintained as described 
above are diluted 1:10 from confluent dishes and 
seeded onto 0.45 micron pore PET membrane tissue 
culture inserts (Falcon) in DMEM supplemented with 
10 % fetal calf serum, 5 % calf serum, 4 % dextran, 
and cultured for 12 to 14 days with the addition of 
0.5 ng/ml-day FGF-2. The endothelial cells are 
removed as described sibove, and the extracellular 
matrix coated PET inserts treated with either 
heparinase 1, 2, or 3 at a concentration 0.1 lU/ml, 
or with either chondroitinase AC or B at a 
concentration of 1 lU/ml in phosphate buffered 
saline at 31 for 1 hour and rinsed three times 
with phosphate buffered saline. 

The enzymatically treated extracellular 
matrix coated PET inserts, along with an untreated 
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extracellular matrix catad PET insart and an 
uncoated pet insert, are placed into 12 well diahes 
3 „i added to ea" 

well^ Radiolabelled .acrc^olecules are added 
1" ! each PET insert, and lOO ,1 ali^ots of 
phosphate buffered saline solution in the well 
surrounding the pet insert ta^en after a 15 n,inute 
xnou^tron at 3,.c. Ali^ots are assayed for 

scinciiiation counter 
^le S= lr„t„.„t Of C.U Surface with 
eiycosaaiaoglycan lyases! 

atf»„ . ■i^a^ading enzymes can 

attenuate a celVs response to growth facers by 
15 cleavrng the glyoosaminoglycan component of ceU 
surfa,, proteoglycans. Vascular smooth muscle 
cells were grown in 96 well plates in DMEM 
supplemented with 10 . fetal serum until confluent 

30 or 3" "'"^ r ■ 

Wml f "'•""f « " = concentration of 0 1 
lu/ml for 1 hour at 37or t-u "-J- 
„ u ^ ac 37 c, then chilled on ice and 

;^Ci) and incubated at 40c for- 5 1, 
of FGP 5 ^ ^ Adsorption 

of FGF-2 to cell surface glycosaminoglycan was 
de te e. ..3hin. the cells with'aT elutln 

with . measuring the recovered •"I 

with a gamma-counter (Wallac, Model 1740) 

0 1 lu/ml T''"^' ""-blasts were treated with 
0_1 lU/ml heparinases 1, 2 or 3, or chondroitinase 
35 *'"°f:=^^^'^'° -'1-^-2. The amount Of 
35 adsorbed to the cell surface glycosaminoglyca! was 
determined by extracting the glycosaminoglycaT 
bound fraction in 0.025 « HEPES, 2.0 „ Jdium 



chloride and measuring FGF-2 using a gamma counter 
and is expressed as a percentage of FGF-2 bound to 
untreated cells. The results are shown in Figure 
6. 

Example 7: Control of proliferation of 

endothelial cells using 
glycosaminoglycan treatment. 

Glycosaminoglycan degrading enzyme 
treatment of cell surfaces can either enhance 
growth factor binding as in the case of chondroitin 
degrading enzymes, or inhibit growth factor binding 
as in the case of heparin and heparan sulfate 
degrading enzymes. The removal of cell surface 
heparan sulfate can be compensated by heparin or 
heparan sulfate fragments released from the 
extracellular matrix by enzymatic treatment. 

Treated vascular smooth muscle cells were 
exposed to 0.1 lU/ml heparinase 2 at 37 ""C for 20 
minutes. Treated matrix was exposed to 0.1 lU/ml 
heparinase 2 at 37^0 for 20 minutes. After 
enzymatic treatment, the cells were washed with 0.1 
ml PBS and exposed to 50 /il matrix supernatant. 

^H- thymidine was included in the 
incubation and proliferation determined as 
described by Vlodavsky et al., Proc. Nat. Acad. 
Sci. (USA) 84:2292-6 (1987), Trends Biochem, Sci, 
16:268-271 (1991). Proliferation of vascular 
smooth muscle cells was monitored by thymidine 
incorporation and is expressed as a ratio of cells 
exposed to enzyme released material to that of 
untreated matrices for a) untreated ECM, untreated 
cells, b) heparinase 2 treated ECM, untreated 
cells, and c) heparinase 2 treated ECM, treated 
cells. The results are shown in Figure 7. 

The results show that if one separates 
cell matrix from cell surface, one will knock out 
receptor by treating the surface and release growth 
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20 



25 



Promotxng activity by treating matrix, and that if 
one treats the .atrix and the cell su;face 'ro 
promotion is observed since the .atrix releases 

_ growth factor that compensates for the loss of 

' heparin binding receptor. 

Exa«5>le 8: Evaluation of local administration 

of heparinaee to enhaaS ^""^ 
revascularization. 

A rabbit hind limb ischemic model 

desc^xbed by Pu, et al., Circulation 88:208-215 

1933 was used to evaluate the effectiveness of 

' °" vascularization ;L.e 

treatment groups were studied (n = 4) Rabbi • 

each group recieve either saline con rol pc , a^: 
00 mg-day-S or heparinase i at loO lu-dly' 

7 '"'"^^'^ ^^'t hind 

da^ be "''^ administered for 10 

days begxnnxng on the nth day following surgery 
Rates Of vascularization were monitored by 
measuring the blood pressure in both limb! with a 

blood flow xn the ischemic limb to that of the 

control (untreated limb) . 

Heparinase 1 and Pgp-2 accelerated both 

the xncrease of blood pressure ratio as well as the 

extent of blood pressure u- 

^ ^atxo achieved 30 days 
post-treatment. At post -operative day 40 
angxograms were performed to determine ne; vessel 
formatxon. The results a^o ov. vessel 
TABLE 4. ^ ^^suits are shown in Table 4. 
TABLE 4: Treatment of ischemic hind limb 

aaea£ day 10 ?ft _lJi_Kl fon»atioa 



PBS 0.28 

PGP-2 0.19 

heparinase 
1 0.30 



0.40 0.49 



8.00 ± 1.00 



0.55 0.62 15.50 ± 2.38 

0.60 0.71 22.50 i 3.56 
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The data indicate the potential utility 

of compositions containing one or a combination of 

the FlavoJbacteriun? heparinum derived 

glycosaminoglycan degrading enzymes for 

accelerating tissue repair in humans. 

Example 9: Release of Growth promoting activity 

from Extracellular Matrix. 

Extracellular matrices (ECM) , prepared as 

described in Example 3, were treated with either 

heparinase 1, 2, or 3 at a concentration of 0.1 

lU/ml or chondroitinase AC at a concentration of 

1.0 lU/ml, for 10 minutes at 37 'C. Untreated 

control samples were treated with a control 

solution which did not contain enzyme. A volume of 

0. 01 ml of each reaction supernatant was assayed 
for the presence of mitogenic activity by transfer 
to quiescent balb/C 3T3 fibroblasts using the 
proliferation assay described in Example 7. The 
results are presented in Figure 8. 

Each of the test treatments, heparinase 

1, 2, 2, or chondroitinase AC, released soluble 
material from the ECM which stimulated fibroblast 
proliferation above the level obtain with untreated 
ECM. 

Example 10: Treatment of the Cell Surface and 
Extracellular Matrix with 
heparinase. 

Heparinase administered to a wound in vivo 

will act not only on the extracellular matrix, but 

also on the glycosaminoglycans on the cell surface 

of cells participating in the woiind healing 

process. In order to model this effect in vitro, 

quiescent balb/C 3T3 fibroblasts were treated with 

heparinase 3 in the same manner as the 

extracellular matrix prior to receiving the 

extracellular matrix reaction supernatant. Both 

extracellular matrices and quiescent -balb/C 3T3 
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fibroblasts were treated with heparinase 3 at a 
concentration of o i Tn/mi 4= 

which tim. H, " " «ft" 

Which u„e the e„.y™e-contai„l„3 supernatant was 

removed the cells and replaced With 

contaxnxng 0.2, fetal calf se™. poUowing this 

It! : Of 3T3 fibrohlast/wae 

The™s I """"""^'"^ •H-^y.idine inccrporation. 
ine results are presented in Figure 9. 

Higher proliferation responses were seen 

to recexvxng the treated ECM. The results support 
the use Of heparinase 3 at the wound site to 
stimulate wound healing. 

15 ^"^'^ JS:S"""-«^iated release of 

f'°^ P'?=otiag activity from 
intact animal tissues. 

Bovine corneas were harvested from cows at the 
time Of slaughter and treated with various 
concentrations of heparinase 3. Using 3 bovine 
^0 corneas for each concentration, the corneas 

Lch^i:: 'T'' """^^^ ^^^^"^ 

was el r (Descemet's, membrane 

was exposed, and 0.2 ml of phosphate buffered 

s t^ridZ: tTa^fL^r ^ 

1 0 TTT/ r concentration of o.Ol, o.i or 

1.0 lU/ml, and the digestion allowed to proceed fir 
5 minutes at 37° c nr,^ „ ^ ■, f-t"ceea ror 

received °^ ^ corneas 

received no enzyme. Aliquots of 0.045 ml reaction 
sup tan, _ ^^^^ eacV 

trfZoir: ' -^^^-tio. 

Of the fibroblasts was determined using the 
proliferation assay described in Example 7. The 
results are presented in Figure 10. 

cause the ^""^^^ concentrations of heparinase 3 
cause the release of proliferation stimulating 
compounds from the Bovine cornea, with the greatest 



effect resulting from treatment with 0,1 lU 
heparinase 3 /ml. 

Example 12: Heparinase-mediated release of bFGF 
from Cells and Extracellular Matrix 
in vitro. 

To determine the relative effectiveness of 
heparinase 1, 2, and 3 to release heparin-binding 
growth factors from tissues and extracellular 
matrices, supernatants from heparinase 1/ 2, or 3 
digested cells or matrix were assayed for the 
presence of bFGF. Confluent bovine endothelial and 
smooth muscle cells maintained in 10 cm tissue 
culture dishes were incubated for 1 hour at 37<*C in 
2 ml of phosphate buffered saline containing 0.1 
lU/ml heparinase 1, 2, or 3 . Extracellular matrix, 
prepared as described in Example 3, was treated 
identically. Aliquot s were removed for 
determination of bFGF concentration using the 
Quant ikine™ ELISA (R&D systems) for human bFGF. 
The results are presented in Figure 11. 

Heparinase 3 caused the greatest amount 
of bFGF to be released from all three cell types, 
followed by heparinase 2, then heparinase 1. ECM 
release more bFGF than bovine endothelial cells and 
bovine smooth muscle cells with all three enzymes 
tested. 

Example 13: Heparinase-mediated release of bFGF 
from Cells and Extracellular Matrix 
1x2 vitro. 

Bovine aorta smooth muscle cells 

(passages 1-8) were grown to near confluency in 

DMEM (high glucose - DMHG) supplemented with 10% 

fetal serum and 100 units/ml of 

penicillin/streptomycin, in 96 well dishes, at 37°C, 
in a 7.5 % COj environment. The cells were starved 
for 3 . 5 to 4 days by exchanging the growth medium 
for DMHG and 2% BSA, After the starvation period, 
the cells were treated with a solution of DMHG and 
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0.5% BSA containing heparinase, 1, 2 or 3 at 0 i 
or 0 s at 37»C, for 10 .in. The enz^e 

solution was removed and the wells were waired 
three tx.es with phosphate buffered saline wxth 
5 calcxun. and magnesium, (pbs . Ca . Mg, iso ^ . 
DMHG, 0.5% BSA and 1 i uci/n,1 3„ ' "° °^ 

to each well m add^ «-'^^y™-dine was added 

wells, and 20 nl of DMHG and 0 5S- pqa „ 
10 control wells Th. . i . ^'^^^^ ^o 

The cells were incubated for 48 hr 
as described above. After 4r v,^ ' 
J , -^^ter 48 hr, the medium was 

r: 1 "-"^^ °- »ith pbT. 

containing sointillant and th. anK»mt of 
incorporated •H was measured rh. 

25 tragmeat. released trom cells 

extracellular matrix. 
Materials and Methods. 

-diu. heparin 1:0: ;:r:^n:t"st?T'°- ' 
-parin, „r ..„„o, anti^l^^T ^.Tr 

F acenta. Enzyme purification involved 
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ammonium sulfate precipitation and sequential 
chromatographies over carboxymethyl Sepharose, 
heparin Sepharose and Con A Sepharose. 

Cells. Smooth muscle cells (SMC) were 
isolated from the bovine aortic media as described 
by Castellot, J.J., et al., J. Cell Biol. 102, 
1979-1984 (1986); Schmidt, A., et al., J. Biol. 
Cham. 267, 19242-19247 (1992). Briefly, the 
abdominal segment of the aorta was removed and the 
fascia cleaned away under a dissecting microscope. 
The aorta was cut longitudinally, and small pieces 
of the media were carefully stripped from the 
vessel wall. Two or three such strips with average 
dimensions of 2 mm^ were placed in 100 mm tissue 
culture dishes containing DMEM (4.5 g 
glucose/liter) supplemented with 10% PCS, 100 U/ml 
penicillin and 100 /zg/ml streptomycin. Within 7-14 
days, large patches of multilayered cells migrated 
from the explants. Approximately 1 week later, the 
cells were subcultured into 100 mm tissue culture 
plates (4-6 x 10^ cells/plate) . The cultures 
(passage 38) exhibited typical morphological 
characteristics of vascular SMC and the cells were 
specifically stained with monoclonal antibodies 
that selectively recognize muscle form of actin 
(HS-35) . This antibody does not recognize 
endothelial cells or fibroblasts. 

Cultures of bovine corneal endothelial cells 
were established from steer eyes as described by 
Gospodarowicz, D., et al., JSxp. Eye Res. 25, 75-89 
(1977) . Stock cultures were maintained in DMEM 
(1 g glucose/liter) supplemented with 10% newborn 
calf serum, 5% PCS, 50 U/ml penicillin, and 50 
/ig/ml streptomycin at 37oc in 10% COj humidified 
incubators. Bovine aortic endothelial cells were 
cloned and cultured as idescribed -by= Gospodarowicz, 
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et al., proc. Natl. Acad. Sci. USA 7i ^-.o^ 

:Z7, "'^^ -^^^ were neLrr 

5 eTaT^-, °^ -^^^ 'Omit o.M 

et al., Mol. cell Biol. 12, 240-247 (i.gon 

Bxo ogy, Washington University in St. .ou^] 

Ttl\7llT supplemented 
10 r interleukin-3 
10 condatxoned medium produced by XS3-1L3 cells 

L-glutamine and antibiotics. P32 cells were' 

obtained following transfection of BaF c.lT • . 
Mo/mPPi cells with 

Ho/„FRl/SV expression vector and selection in 
med.u. conteining bPGP plus heparin, yielding 
5 colonies which express the „ouse R3P Lept"r i 
"^A (^FHl) as described by Omit., J« at a 
Cea £ioi. 12, 240-247 (1992). 
„ „ . ^^^^ P^'-'-'fsKtion. P32 cells were 
washed twice With RMi i„0 .edi„. Cells 
' - "Vwell/0.2 .1, were plated in 9. well 

^» ^ . increasing concentrations of hs 

degradation fragments released f^n™ ,n 

by heparinase l, 2 or 3 43 . iT " 
1-^, / u-iT J, 48 h later, i uci- of 

thymidine was added per well', the cells were 
incubated for another 6 h 

PHD cell Harvester- x„ "^^^ « 

determin^nT . ' Incorporated thymidine was 
determined by liquid scintillation counting. 

Bovine . ""f '^^-^es coated ^ith Em. 
Bovine corneal endothelial cells were d,-= • 
from stock cultures (second to fifth 
STV and • . Passage) with 

STV and plated into 4- ell plates at an initial 
density of 2 x lo^ cells/ml r^n„ ^"^^^^1 
as described above excep^that T^tr; 4^^" 
-eluded in the growth ^diu. and thTc^ls were 
--tanned without addition of bPSP for 12 da" 



The subendothelial ECM was exposed by dissolving 
for 5 min at room temperature the cell layer with 
PBS containing 0.5% Triton X-100 and 20 mM NH^OH, 
followed by four washes in PBS. The ECM remained 
intact, free of cellular debris and firmly attached 
to the entire area tissue culture dish. For 
preparation of sulf ate-labeled ECM, corneal 
endothelial cells were plated into 4 -well plates 
and cultured as described above. Naj [^^S] O4 (540-590 
mCi/mmol) was added (40 /iCi/ml) one day and 5 days 
after seeding and the cultures were incubated with 
the label without medium change. Ten to twelve 
days after seeding, the cell monolayer was 
dissolved and the ECM exposed, as described above. 
Degradation of sulfate labeled ECM by bacterial 
heparinases was determined as described. Ishai- 
Michaeli, R, , et al., Cell Reg. 1, 833-842 (1990); 
Bar-Ner, M., et al.. Blood 70, 551-557 (1987); 
Vlodavsky, I., et al.. Cancer Res. 43, 2704-2711 
(1983) . Briefly, ECM was incubated for 24 h, at 
370c, pH 6.2, with heparinase 1, 2 or 3 and sulfate 
labeled material released into the incubation 
medium was analyzed by gel filtration on a 
Sepharose 6B column. Intact heparan sulfate 
proteoglycans (HSPG) were eluted next to the void 
volume (Kav<0.2) and HS degradation fragments 
eluted with 0.5<Kav<0.8. 
Results • 

Degradation of sulfate labeled ECM and 
release of ECM -bound mitogenic activity by 
heparinase 1,2 and 3. Degradation of HS in ECM was 
studied by incTibating for 1 h at 370C heparinase 1, 
2 or 3 (0.1 U/ml) with metabolically sulfate 
labeled ECM produced by cultured bovine corneal 
endothelial cells. Sulfate labeled degradation 
products released into the incubation medium were 
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analysed by gel filtration on Sepharose™ SB 
intact HSPG is eluted next to th. •! 
i-v,^ ^ 1 ° v°id volume of 

the column, labeled dearadafinn ^ 
o-!^^ u • "^legraaation fragments of HS 

side chains were *.iiu-«j "J- iii> 

is were eluted more toward the V of h>,^ 
5 column (0.5<Kav<0 8) a= ^ ' 

-:7: ---- - Please orL^^" Lt:"" 

. me HS nature of thesp fr-arrm *. 
0 verif-i^^ K . t^nese fragments was 

verified by their susceptibilitv t-n ^ • 

Wit. 4u.L"r 

degradation dea.i„atio„ with papain or 

<iif fer«,t aiutaon patterns retlecting different 

' :ii:?r?"°" "-^'"^ -pLna r 

nelded a broad distribution of fragments 

- heparinaee . r.^^'e ~ 'X"'"' 
^ degrades the HO, „s into s.aS fra^ents^'^"°^=' 
containing as little as 2 c .. *3"^°ts 
cicse to the V. of trcol™ 

^. ^ and .ZTilT:'-'' ^™ ^ 
fibroblasts «d tested 

™. synthesis in th : oeTls TT' " "'""'"^ 
Fioure . . demonstrated in 

Figure 13B, material released from ECM by 

heparinase 2 and ^r^ = , i^y 

..ari - 

—it-Vb— ^^^^^^ 

mitogenic activity released by heparinase'l was 
only sUghtly higher than that released f ron, 
during incubation with PBS alone Th. 
release of both HSPB .n„ ■! =P°«a«»°us 

^« incubated 1^ ' ^ "^^-^ 

with PBS alone is attributed to 
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proteolytic enzymes such as tissue plasminogen 
activator (tPA) , urokinase, and gelatinase A, 
residing in the ECM. Heparinase 1, 2 and 3 were 
devoid of any mitogenic activity as indicated by 
5 the lack of growth promoting activity when the 
enzymes were incubated on regular tissue culture 
dishes rather than ECM, 

The difference in mitogenic activity 
released from ECM by heparinase 1, 2 and 3 was not 

10 due to a difference in their capacity to degrade 

the ECM substrate since greater than 90% of the ECM 
sulfate labeled material was released by each of 
the enzymes with less than 10% of the radioactivity 
remaining associated with the ECM, as shown by 

15 Figure 13C, Similarly, each of the three enzymes 
released greater than 90% of "^I-bFGF that was 
first bound to the ECM. Moreover, a simultaneous 
incubation of sulfate labeled ECM with heparinase 1 
and 3, or sequential additions of a second dose of 

20 the same or another enzyme yielded only a slight 

increase (less than 15%) in the amount of released 
HS degradation fragments and mitogenic activity. 

Growth promoting activity of HS fragments 
released from cells and ECM by heparinase I, 2 and 

25 3 

A cytokine dependent lymphoid cell line 
engineered to express the mouse FGF receptor 1 
(Ornitz, D.M., et al., Mol. Cell Biol, 12, 240-247 
(1992)) was applied to the cells to investigate 

30 whether HS degradation fragments released from 

cells and ECM by heparinase 1, 2 & 3 can replace 
the need for heparin or heparan sulfate in enabling 
bFGF- induced mitogenesis in this cell system. It 
has been previously demonstrated that BaFj cells 

35 transfected to express mFRl demonstrate a dose 
dependent response to bFGF with an absolute 
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requirement for heparin. The F32 cells in 
experiments were inc„h.^ ^ • ^^^^^ 
bPGF (5 ng/mi) 1 " "^'^ "^^^^ recombinant 

induced Z Z de . ^^^-^ 
5 -K <3egradation products could be 

.LT — 

same conditions. Vascular endothelial an! . 

muscle cello /tpo ^ "'-'»-iiexiai and smooth 

with 0.1 u/ml of heparinase i, 2 or 3 

added for Th f ^ '"-"-V^idine was 

=° tor 6 h, followed by cell hervestino 
-asure^en, of -H-thy^idine i„corporaUo7 

--aae of „s de^rXH™: ^ " 
fragments released hv h« . I" contrast, 

very small effect '''^""^"^^^ ^ ^ had no or 
14 Similar ; ^ ^^o- by Figure 

imilar studies performed with ECM revealed 

IrolTf " "° Of bPCP mediated cell 

proliferation by fragments released bv >, 

1. 2 or 3 abnvo released by heparinase 

' or 3, above the basal ^H- thymidine 
incorporation obtained in i-h^ 

Of ..e .acerlere::^:: 1127' " 

--ced .y .eparl.ee 3^ Z^l/:^- 

TTT^ :f — - - - CLl^ase 1 

absence of Tl, "' "^'"^ """"^^ 

aoeenoe of cells or ECM was observed. As 

demonstrated in Figure 15 ,>,• . ' 

fold lower th»n stimlation was 3-4 

heparin:: 3 t-af ''^^ 

inase 3 treated vascular SMC. unlike the . 
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effect of heparin shown in Figure 14A and cell 
surface derived HS degradation fragments, the 
effect of heparinase 3 was abolished by heat 
inactivation for 10 min at SS^C prior to its 
addition to the F32 lymphoid cells .(Figure 14B) and 
regardless of whether the heparinase 3 enzyme was 
first incubated on top of regular tissue culture 
plastic or ECM. This result indicates that the 
enzyme must be active and/or retain its native 
configuration to induce a mitogenic response. In 
an attempt to elucidate whether the heparinase 3 
enzyme is releasing stimulatory HS-like fragments 
from the F32 cell surface, F32 cells were first 
treated with heparinase 3 (30 min, 0.1 U/ml, 37 °C) 
and the supernatant with or without heat 
inactivation tested for its stimulatory effect on 
fresh, untreated F32 lymphoid cells. Again, ^H- 
thymidine incorporated was stimulated by heparinase 
3, regardless of whether the enzyme was first 
incubated with F32 cells, and this stimulation was 
abolished by heat inactivation. In other 
experiments, the heparinase 3 enzyme was applied 
onto DEAE cellulose to remove traces of heparin 
which may have contaminated the enzyme. As 
demonstrated in Figure 14B, this treatment had no 
effect on the stimulatory activity of heparinase 3, 
but completely abolished the effect of standard 
heparin (Figure 14 A) . Altogether, these control 
experiments suggest that the native heparinase 3 
enzyme itself is capable of stimulating bFGF 
receptor binding and activation in the F32 cell 
system. 

J^elease of ECM- and cell surface -boxmd 

bFGF 

As demonstrated by Figure 13B, exposure 
of ECM to heparinase 2 and 3 and to a much lesser 
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3T3 fibroblasts T^a", ' " ^""""^ "'^'^^ 
5 were determined by an imm ^^""^"^^^ 1- 2 and 3 

amount Of bPSP released', " ''^^^ 

- about ..s anfls LiaT T "^^'^'"''^ ^ 
heparlnase . a„rCln st: T ^'^^ ^^^^^ 
1" correlation with th= „ / respectively, i„ 

amount of ECM-bound brop susoentiM^T ' ""^ 

.epari^nase 3 „as fol. ri^e^t^L';::^-- 

SMC. released from vascular 

0 ~n. et;e?::^jLr; '^"^"^^ ^-^^^z- 

both HS-bound bPGP an^ HS ae\ T "™ 
that promote the ml^T fragments 
been Lp.'.^'^::^^^^^^^^^^^ ^^^^^ty of bPCP has 

bPOP and stimula"::^?;:™^ °^ ^^^^^^ 

in growth arrested 3tT. u 't'^"''""^ ^"corporation 

. rrested 3T3 fibroblasts and in Hs 
deficient P32 lymphoid cells clearlv ^ 
that heparinase 3 was the 1\ indicated 

promoting enzyme rl T ^^"""^ 
was be.^^. superiority of heparinase 3 

was best demonstrated in the F32 r.»n 
this system HS degradation L 

for their ability to ^ """'"^^^^ 

high affinity t^^o T ^^^^ ^^s 

- -epto:tr:L: Xn^r 

was found that hs Proliferation, it 

-aces JtZZTT^ltTT 

- - Of servi;. r: rr™ ^or: 
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participating in a dual receptor mechanism 
characteristic of bFGF and other members of the 
heparin binding family of growth promoting factors. 
In contrast, little or no such activity was 
5 associated with HS fragments released by heparinase 
3 from the subendothelial ECM. This result 
substantiates previous observations indicating that 
while HS in ECM provides a rather inert storage 
depot for bFGF in the vicinity of responsive cells, 

10 HS on cell surfaces may play a more active role in 
the actual displacement of ECM-bound bFGF and its 
subsequent presentation to high affinity cell 
surface receptor sites (Bemfield, M., et al., Ann. 
N.Y. Acad. Sci. 638, 182-194 (1991)). 

15 These studies demonstrate the advantage 

of applying heparinase 3 as compared to heparinase 
1 and 2 in releasing i) the highest amount of ECM- 
bound bFGF, and ii) HS degradation fragments 
capable of promoting bFGF receptor binding and 

20 activation in HS deficient cells. Surprisingly, 

control experiments applying each of the bacterial 
enzymes alone revealed that heparinase 3 itself 
stimulated the growth promoting activity of bFGF in 
the F32 cell system. Unlike the effect of heparin 

25 and HS degradation fragments, this stimulation was 
abolished following heat inactivation and was not 
removed by DEAE cellulose, indicating induction by 
the heparinase 3 protein rather then by heparin- 
like molecules that may be associated with the 

30 heparinase 3 preparation. 

Example 15; Wound healing in normal and impaired 
rat models. 

The effectiveness of heparinase 3 to 

stimulate wound healing in vivo was tested using a 

35 rat impaired immune model, Mustoe, et al.. Science 

237: 1333-1326 (1987). Sprague -Dawley rats were 

wounded by making a 5.0 cm linear incision on the 
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full thickness of the dorsal skin. 0.2 ml of 

InTtt T ^^^"^ - Site 

and the wound was closed with four (4) silk 3-o 

collar was put on the rats approximately 5 to 6 
.ou^^post woundin. for S to . days folLwi!: 

Carboxymethylcellulose gel (Carhor,^i ^ 
used as the vehirio « ICarbopol) was 

. vehicle. Heparinase 3 was added to th. 

vehicle as described above Tabl. . ! 
ti-Pfli-m<:.r,^ . ^^ve. rable 5 provides the 

treatment regimes used for each test group 
Test Rv«ho^ £f""P- 

GROUP MODEL ^OSE APPLICATION 



15 2 
3 



I 



4 
5 
6 



L (vehicle); R (vehicle) 
L (vehicle); r (vehicle) 



20 



L (vehicle); r (Hep) 
^ L (vehicle); R (Hep) 

^ L (vehicle)*; r (Hep) 

^ L (vehicle)**; r (Hep)** 

N, Normal model • t Tm^^ • 
mg/kg methylprednisolon! n "^^'^ 
side wound R ^ Depo-MedroK^); l. Left 

K, Right side wound 

Day 2) *' ^PP^^-tions (Day o. Day i and 

seven applications (Day o through Day 

Wound healing was evaluated on the basis 
of coaptation of the lips of th» . 
r,v,„„- ^ '■^^ wound and on thA 

Physical aspects of th. wound. For coaptatL ^ 
PO.nCs/sa=tio„ was siven coapted 1^^ . 

2 nmi, and i point /s^^r^n^r, * «=quax co 

or eoual to . coaption greater than 

aLc^s T ^^^^^--1 -und 

aspects, 5 poxnts/section was given for apparent 
healing and/or disappearance of scab, 4 
points/section for drv scav, ^ 

^ 3 points/section for 
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fresh scab, 2 point/section for humid wound and 1 
point /section for fresh wound. Wound evaluation 
was noted everyday from day 1 to the day of 
sacrifice . 

5 Healing was further evaluated on the 

basis of wound tensile strength. After sacrifice, 
skin sections containing the wound site were 
removed from the test animals. Wound tensile 
strength was measured using a 55 MN Mini Merlin™ 

10 tensometer, 

A single intramuscular injection of 
methylprednisolone (3 0 mg/kg) , two days prior to 
wounding, resulted in a significant reduction (59%) 
of the wound healing processes as measured by the 

15 wound tensile strength of skin sections of the 

impaired group (Group 2: left side: 0.735 + 0.351 
g/mm^ right side: 0.919 + 0.368 g/mm=) compared to 
the normal group (Group 1: left side: 2.007 + 0.888 
g/mm^ right side: 1.989 ± 0.562 g/mm^) (p = 0.0001) 

20 as shwon in Figure 16. 

In the normal rat model, a single 
application of heparinase 3 on Day 0 (Group 3 : 
right side: 1.968 ± 0.748 g/mm^) did not result in a 
significant improvement of the mean wound tensile 

25 strength measurement compared to a single dose 

application of vehicle (Group 3: left side: 1.826 
+ 0.804 g/mm^) . In the impaired rat model, treated 
with methylpredinisolone, a single application of 
vehicle on Day 0 (Group 4: left side: 0.774 + 0.265 

30 g/mm^) showed a wound tensile strength measurement 
of 40% relative to the normal rats (1.941 ± 0.752 
g/mm^, mean of all normal wound tensile strength 
measurements: left and right sides of Group 1 and 
left side of Group 3) . A single application of 

35 heparinase 3 on Day 0 (Group 4: right side: 1.253 + 
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~^n. Of 65. relative to the no^aTtat. 

In the impaired rat model, three 
applications of vehicle „ 
5 5- l.ff vehicle on consecutive days (Group 

1„ . ^ ^--Ited in a 

^aa„ wound tensile strength measurement of 35, 
relative to the normal rats compared to ss. r 

.aai:e:e\:'or::r^::,:;ri'^"="^ 

rats compared to ... for seven ^pUca , :: oT" 

Example 16: Comparison of Heparinase 3 anH ^ 

5l-cocortoid-induce??at"odela 

... . . ^''''^^ described in Example 15 was 

repeated using different lots of heparinase 3 

Tr T '^"'"^"^^ ~rations Of 0 02 

gel vehicle use! " =-^°-y-ethylcellulose 
provided t! \ " ""^'^ ^---t-nt 
GROUP 

GROUP MODEL DOSE APPLICATION 

N L (PBS); R (PBS) 



20 



25 



^ ^ L (PBS); R (PBS) 

^ ^ L (PBS); R (Hep) 

5 ^ L (PBS); R (Hep-P) 

g ^ (PBS); R (Hep-P) 

M M , ^ ^ R (Hep-P) 

N, Normal model; i. impaired model (30 mcr/ka 

methylprednisolone, Depo-Medrol^) • L Left s d 
wounH. D . ^'-'j. /, li, Liett Side 

wound, R, R,ght side wound; wrs. Wounded Tensile 



strength Analysis; Hep, Heparinase 3; Hep-P, 
Heparinase 3 - Purified. 

A single injection of methylprednisolone 

(30 mg/kg) , two days prior to wounding, resulted in 
a large reduction (46%) of the wound healing 
processes as measured by the mean wound tensile 
strength of skin sections of the impaired group 

(Group 2, left side: 0.70 + 0.09, ± 0.28 g/mm^, 
right side: 0.99 ± 0.09, ± 0.28 (mean + SE, ± SD) ) 
compared to the normal group (Group 1, left side: 
1.52 ± 0.12, + 0.57 g/ram^ right side: 1.59 + 0.13, 
±0.64 g/mm^) , as shown in Figure 17, and Table 6. 

In the impaired rat model, three 
applications of vehicle (Group 3, left side: 0.71 
± 0.07, + 0.32 g/mm^) showed a mean wound tensile 
strength measurement representing an impairment of 
54% relative to the normal rats (mean of all wound 
tensile strength measurements: left and right 
sides of Group 1: 1.55 ± 0.09, ± 0.60 g/mm=^) . 
Three applications of heparinase (Heparinase 3 lot 
HEPIII RH-67) showed a mean wound tensile strength 
measurement representing an impairment of 47% 
relative to the normal rats. Application of 
heparinase provided an impairment reversal effect 
of 7%, as shown by Figure 17 and Table 6. 

In the impaired rat model, three 
applications of vehicle (Group 4, left side: 0.89 
+ 0.09, + 0.42 g/mm^) showed a mean wound tensile 
strength measurement representing an impairment of 
43% relative to the normal rats. Three 
applications of Hep-P (Heparinase 3 lot HEPIII. 001) 
Dose 1 (0.02 IU/200 fiL) showed a wound tensile 
strength measurement representing an impairment of 
35% relative to the normal rats. Application of 
Hep-P Dose 1 provided an impairment reversal effect 
of 8%, as shown by Figure 17 and Table 6. 



wo 96/01648 



PCT/US9S/08608 



60 



15 



20 



aor,!,- ^• """^ i-^Paired rat model, three 
applications of vehicle (Croup 5, left side: 0 74 
± 0.04, ^ 0.17 g/™,.) ,,,,,, ^ ^^^^ 
strength measurement representing . • ''^"^^^^ 



**wi„icij. racs. Three 

26^ relative ^. "^"^^"^^"9 impairment of 

Tn ^ l- ^ . 



In the Impaired rat model, three 
appWion^ Of vehicle (Oroup i .t^Le- 0 

;tre";h' ''''' ^ "-"^ '-il'" 

Strength measurement reDresenUr,^ • 

^elatlve to the ^orL"" ZIT'"^'' " 



..-.max racs. Three 
applications of Hen-P mar,=^- 
Oose 3 (2 00 ra/,on ^ ^ lot HEPlII.OOl) 

strength me. ' 

Hep-P application of 

Table 6, BOOSD IMSILE STRINGTB (gW) 

6 """^ ^ ^"^ ^ 3 0»OOP 4 SHOOP 5 »oaP 

V« V« VH V« 

iMIs^ 0 ,3. o.,.o 

-L.uib 1.147 1.492 

^".S:- S.^'l S'l?.^ 

S.oll S;S S;J?i° 
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We claim: 

1. A method to modulate the rate of 
wound healing and tissue repair in a human or an 
animal comprising 

administering to the cells around the 
wound or tissue glycosaminoglycan degrading enzymes 
in an amount effect to alter the effect of 
endogenous glycosaminoglycans in cells. 

2. The method of claim 1 wherein the 
cells are contacted with an effective amount of a 
glycosaminoglycan degrading enzyme to promote cell 
proliferation by causing the release of growth 
factors from extracellular matrix. 

3. The method of claim 1 wherein the 
cells are contacted with an effective amount of a 
glycosaminoglycan degrading enzyme to promote cell 
proliferation by enhancing the availability of 
growth factor receptor sites on the surface of the 
cells. 

4. The method of claim 1 wherein the 
cells are selected from the group consisting of 
muscle cells, fibroblasts, endothelial cells and 
epithelial cells. 

5. The method of claim 1 wherein the 
tissue is contacted with an effective amount of a 
glycosaminoglycan degrading enzyme to promote cell 
proliferation by enhancing the mobility of growth 
factors, chemoattractant molecules and cells 
through the extracellular space. 

6. The method of claim 1 wherein the 
enzyme is administered to a blood vessel in an 
amount effective to inhibit restenosis. 

7. The method of claim 1 wherein the 
enzyme is administered to a site to enhance 
revascularization . 
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The method of c1;^Sm i 
glycosaminoglycan d... ^ therein the 

Je ";:: ;;3:f 

cells. yrowcft factors of the 

9 • The method of claim b . u 

P-toin having ^lyco^.J^.^XT. " 
-tivity by genetic engineeX ' '"""^ 

10. The method of claim s u 
targeting is achieved by enh ^''^'^ 
concentration of al ^"^^"""5 the local 

-ivity i: LLXTr "^^^^^"^ 

a delivery vehicle/ ' ''"^^'^^^ '^^'^ 

With 

— entration if ' " '■^*er 

auion m, cancer cell^ 
normal cells. compared with 

^2. The method of cl^^-im i i. 
tissue is contacted with eL 

glycosaminoglycan ae„a^ '"'"'"'^ ='»°"«t of a 
Pehet.atio„'J .l:t:ZZZZr T '"^ 
or through the „«trL '"^ 
13- The method of claim u 
extracellular molecules are nh. '"^^ 
protein molecules in "^^^"'^^^"tically active 
-tween .,000 an! ZZT^'^ ^^^^ of 

14 . The method of claim i o . u 
^tracelluiar ^lecules are synthetic 
Phar^aceutically active „„lecuC 

The method of claTm in 
extracellular molecules ar! T '"'^^^ '^^^ 
cules are nucleotide sequences. 
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16 . The method of claim 1 where the 
glycosaminoglycan degrading enzyme is selected from 
the group consisting of heparinase 1 from 
Flavojbacteriuin heparlnimif heparinase 2 from 
Flavobacterium heparinum, heparinase 3 from 
Flavojbacteriuin heparinum, chondroitinase AC from 
Flavojbacterium heparinum, and chondroitinase B from 
Flavobacterium heparinum, heparinase from 
Bacteroides strains, heparinase from Fiavobacteriu/n 
Hp206, heparinase from Cytophagia species, 
chrondoitin sulfate degrading enzymes from 
Bacteroides species, chrondoitin sulfate degrading 
enzymes from Proteus vulgaris, chrondoitin sulfate 
degrading enzymes from Microcossus, chrondoitin 
sulfate degrading enzymes from VlJbrio species, 
chrondoitin sulfate degrading enzymes from 
Arthroibacter aurescens, these enzymes expressed 
from recombinant nucleotide sequences in bacteria 
and combinations thereof. 

17. A pharmaceutical composition 
comprising a glycosaminoglycan degrading enzyme in 
combination with a pharmaceutical ly acceptable 
carrier. 

18. The composition of claim 17 wherein 
the carrier is a pharmaceutically acceptable 
carrier for administration topically. 

19. The composition of claim 17 wherein 
the carrier is selected from the group consisting 
of ointments, polymeric films, gels, 
microparticulates including microspheres, 
microcapsules, liposomes, proteosomes, and 
lipospheres, implcints, transdermal patches, and 
bandages . 

20. The composition of claim 19 wherein 
the enzyme is incorporated into a polymeric matrix. 
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21. The composition of claim 17 f„..^>, 
comprising delivery means. ""'^^^ 

22. The composition of claim 5i .,v, 

or tissue. ''>^9eti„g the enzyme to cells 

target", ^1^"!" " 
binds specifLuv to '"^""^ molecule which 

t! the enl^^et " ™.-^- ^ 
=execte. .ro. the group ctsl: ^ 
polysaccharides, nucleic acids, a!d lipids ' 

25 . The composition of claim , u 
the targeting molecule forms a fLin 

26. The composition of rla4m n ^ 
the enzyme is expressed in ^^ "^^""^^'^ 
naturally occurf ' ^^^^^^^^ it 

not naturally^cc^. " '^<>«= 

t- en.y^\" setctr:::rti" " 

-parinase 1 .re .la^L" ^^LT " 

^^^^^ 

ieparinase from Bacteroldes st^n' H 

-om .lav.^cteri™..p,„,. he^;/™ 
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Cytophagia species, chrondoitin sulfate degrading 
enzymes from Bacteroides species, chrondoitin 
sulfate degrading enzymes from Proteus vulgaris, 
chrondoitin sulfate degrading enzymes from 
Microcossus, chrondoitin sulfate degrading enzymes 
from Vibrio species, chrondoitin sulfate degrading 
enzymes from ArthroJbacter aurescens , these enzymes 
expressed from recombinant nucleotide sequences 
expressed in bacteria and combinations thereof. 
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